\l  / 


^     ! 


^      WEALE'S  EUDIMENTARY  SCIENTIFIC       lyf^ 
%  AND  EDUCATIONAL  SERIES.  '     ^^ 


The  following  are  the  Works  already  published  in 

CIVIL    ENGINEERING,    &c.  ^f^) 

{The  Voltmies  are  botmd  in  limp  cloth,  except  where  otherwise  stated.)     j^f^ 

CIVIL  ENGINEERINa,  the  Rudiments  of.   By  Henby 
Law,  M.  Inst.  C.E.     Including  a  Treatise  on  Hydraulic  Engi- 
neering.    By  G-.  R.  BuRNELL,  M.Inst.  C.E.     Seventh  Edition,  ir^^;'^ 
revised,   with  Large  Additions   on  Recent  Practice  in   Civil  ^^^v^' 
Engineering.     By  D.  Kiknbar  Clark,  M.  Inst.  O.E.    68.  6d. ;  Sq*^, 
cloth  boards,  78.  6d.  ^o^: 
GAS  WORKS:    Their  Construction  and  Arrangement,  i^^[ 
and   the  Manufacture  and  Distribution  of  Coal   Gas.      By  ■^•)iA 
S.    Hughes,    C.E.       Re-written    and    Enlarged    by    Wm.  ^-y" 
Richards,  C.E.    Eighth  Edition,   Revised,  with  Notices  of  <^: 
Recent  Improvements.     Ss.  6d. ;  cloth  boards,  6s. 

WATER-WORKS,  for  the  Supply  of  Cities  and  Towns.    ^^ 
With  a  Description  of  the  principal  Geological  Formations  of    ^X , 
England  as  influencing  Supplies  of  Water  ;  Details  of  Engines    *^-  ■ 
and  Pumping  Machinery  for  Raising  Water.  By  Samuel  Hugheb, 
F.G.S.,  C.E.  New  Edition,  revised  and  enlarged,  with  numerous 
Illustrations.     4s. ;  cloth  boards,  48.  6d. 


%l: 


ROADS  AND  STREETS{THE  OONSTR  UGTION  OF). 
In  Two  Parts.  I.  The  Art  of  Constructing  Common  Roads.  By 
Henry  Law,  C.E.  II.  Recent  Practice  in  the  Construction  of 
Roads  and  Streets :  including  Pavements  of  Stone,  Wood,  and 
Asphalte.  By  D.  Kinnear  Clark,  M.I.C.E.  Fourth  Edition, 
revised.    With  numerous  Hlustrations.   48.  6d. ;  doth  boards,  6s.     xT^ 

EMBANKING  LANDS  FROM  THE  SEA,  the  Prac-    ^■ 
tice  of.     Treated  as  a  Means  of  Profitable  Employment  for 
Capital.    By  John  Wiggins,  F.G.S.     28. 


LAND    AND    ENGINEERING    SURVEYING,    A 

Treatise  on;  for  Students  and  Practical  Use.  By  T.Baker,  r^^ 
C.E.  Fifteenth  Edition,  revised  and  corrected  by  Professor  jjj^. 
J.  R.  Young.  Illustrated  with  Plates  and  Diagrams.  2s. ;  ^^/ 
cloth  boards,  28.  6d. 


i] 

SUBTERRANEOUS  SURVEYING,  an  Elementary 
and  Practical  Treatise  on.  By  Thomas  Fenwick,  and  Thomas 
Baker,  C.E.     Illustrated.     2s.  6d. ;  cloth  boards,  Ss. 

THE  MINERAL  SURVEYOR  AND  VALUERS 
COMFLETE  GUIDE.  Comprising  a  Treatise  on  Improved 
Mining  Surveying  and  the  Valuation  of  Mining  Properties, 
with  New  Traverse  Tables.  By  W.  Linteen,  Engineer.  Third 
Edition,  with  an  Appendix  on  Magnetic  and  Angular  Surveying. 
With  4  Plates  of  Diagrams,  Plans,  &c.    38.  6d. ;  cloth  boards,  48. 

CROSBY  LOCKWOOD  &  SON,  7,  STATIONERS'  HALL  COURT,  B.C.     y^cy^ 


%: 


'fA 


:t 


'^  A  SKIEOTION  FEOM  WEALE'S  SERIES.  5 

i 


ff   SANITARY  WORK  IN  THE   SMALLER  TOWNS  J 

^       ^JVi)  liV  VILLAGES.     By  Charles  Slagg,  Assoc.  M.  Inst,  r 

,  -^        C.E.     Second  Edition,  enlarged.     Ss. ;  cloth  boards,  3s.  6d.  ^ 

^.,    WELLS  AND   WELL-SINKINQ.     By  John  George  ^ 

^^1"        Swindell,   A.R.I.B.A.,   and  G.   R.  Burnell,    C.E.      Revised  ^ 

j^       Edition,  with  an  additional  Chapter,  and  a  new  Appendix  on  the  r 

Qualities  of  Water.     Illustrated.     2s.  c 

PIONEER    ENGINEERING,     A    Treatise    on    the  ^ 

3*f        Engineering  Operations  connected  with  the  Settlement  of  "Waste  ^ 

Lands  in  New  Countries.     By  Edward  Dobson,  Assoc.  Inst.  ^ 

O.E.     48.  6d. ;  cloth  boards,  58.  c 

l^f   MATERIALS  AND  CONSTRUCTION  ;  a  Theoretical  I 

'$S,        and  Practical  Treatise  on  the  Strains,  Designing,  and  Erection  ^ 

C^        of  Works  of  Construction.     By  Francis  Campin,  O.E.      Third  % 

tj^       Edition,  3s. ;  cloth  boaxds,  3s.  6d,  i 

^^  DICTIONARY    OF    TERMS    used    in    Architecture,  v 

^ji^        Building,  and  Engineering;   Mining,  Surveying,  and  Construe-  ^ 

^X^       tion  ;  Early  and  Ecclesiastical  Art ;  the  Fine  Arts,  &c.     New  ^ 

Edition,  by  Robert  Hunt,  F.R.S.     Ss.  ;  cloth  boards,  6s.  ": 

MATHEMATICAL  INSTRUMENTS:  their  Construe-  ^ 

tion,  Adjustment,  Testing,  and  Use  concisely  explained.      By  r 

,     ^       J.  F.  Heather.     (Original  Edition.)     Revised,  with  Additions,  J 

'*%       ^y  ^'  •^*  Walmisley,  M.I.C.E.     28.  ;  cloth  boards,  2s.  6d.  ^ 

DRAWING  AND  MEASURING  INSTRUMENTS,  \ 

Including — I.  Instruments  employed  in  Geometrical  and  Me-  r 

chanical  Drawing,  and  in  the  Construction,  Copying,  and  Mea-  1 

surement  of  Maps  and  Plans.     II.  Instruments  used   for  the  ^ 

purposes  of  Accurate  Measurement,  and  for  Arithmetical  Com-  -* 

putations.     By  J.  F.  Heather,  M.A.,  &c.     Illustrated.     Is.  6d.  ^ 

OPTICAL  INSTR  UMENTS.  Including  (more  especially)  \ 

Telescopes,  Microscopes,  and  Apparatus  for  producing  copies  of  ^ 

Maps  and  Plans  by  Photography.     By  J.  F.  Heather.     Is.  6d.  '' 

SURVEYING    AND    ASTRONOMICAL    INSTRU-  ^ 

MENTS.    Including — I.  Instruments  used  for  Determining  the  «: 

Geometrical  Features  of  a  portion  of  Ground.     II.  Instruments  ri 

employed  in  Astronomical  Observations.    By  J.  F.  Heather,  \ 

ji^        M.A.     Illustrated.     Is.  6d.  C 

C^J  MATHEMATICAL    INSTRUMENTS,      By    J.    F.  \ 

«jCt        Heather,  M.A.     Enlarged  Edition,  for  the  most  part  entirely  i 

^$):       re- written.    The  3  Parts,  as  above,  in  One  thick  Volume.    With  \ 

numerous  Illustrations.     48.  6d. ;  cloth  boards,  5s.  r 

STATICS  AND  DYNAMICS,  the  Principles  and  Prac-  ^. 

tice  of;  with  those  of  Liquids  and  Gases.      By  T.  Baker,  C.E.  1 

Fourth  Edition,  revised  byE.  Nugent,  C.E.    Illustrated.    Is.  6d.  ^ 

r 

CROSBY  LOCKWOOD  &  SON,  7,  STATIONERS'  HALL  COURT,  E.C.  ] 


Digitized  by  tine  Internet  Arciiive 

in  2007  witii  funding  from 

IVIicrosoft  Corporation 


littp://www.arcliive.org/details/constructionofroOOIawliuoft 


THE   CONSTEUCTION 

OF 

EOADS    AND    STEEETS. 


4 


THE   CONSTETJCTION 

OF 

ROADS  AND   STREETS 


IN  TWO  PARTS 


I— THE  ART  OF  CONSTRUCTING  COMMON  ROADS 
By  HENEY  law,  M.I.C.E. 

Revised  and  Condensed  by  D.  Kinnear  Clark,  M.I.C.E. 

n.— RECENT   PRACTICE    IN   THE   CONSTRUCTION 
OF  ROADS  AND  STREETS 

INCLUDIIfG   PAVEMENTS   OP 

STONE,  WOOD,  AND  ASPHALTE 
By  D.^INNEAE  CLAEK,  M.I.C.E. 

AUTHOB   OF   "TRAMWAYS:    THEIR    CONSTRUCTION'   AND   WORKING;"     EBITOB   0» 

"STEAM   AND    THE    STEAM    ENGINE,"    "CIVIL   ENGINEERING," 

"  LOCOMOTIVE   ENGINES,"   "  FUEL  :    ITS    COMBUSTION 

AND   ECONOMY,"   ETC.   ETC. 

SEith  ^ttm^raits  SUu«tratixyn0. 
FOURTH  EDITION. 


LONDON 

CROSBY    LOCKWOOD    AND    SON 

7,   STATIONERS'   HALL   COUET,  LUDQATE    HILL 

1890 

[All  rights  reserved'] 


LONDON : 

PRINTHD    BY   J.    S.    VIRTUE   AND   CO.,  IIMITED, 

CITY    ROAD. 


PEEFACE. 


The  present  work  consists  of  two  parts.  Tlie  first  com- 
prises '<  The  Art  of  Constructing  Common  Eoads,"  by 
Mr.  Henry  Law,  revised  and  condensed ;  tlie  second 
consists  of  ''The  Recent  Practice  in  the  Construction  of 
Roads  and  Streets,"  by  Mr.  D.  Kinnear  Clark,  C.E.,  in  the 
investigation  of  which  he  has  been  indebted  for  much 
material  to  the  excellent  Reports  of  Lieutenant-Colonel 
Haywood,  Engineer  and  Surveyor  to  the  Commissioners 
of  Sewers  of  the  City  cf  London.  The  whole  is  preceded 
by  an  historical  sketch  of  the  subject,  also  by  Mr.  Clark. 

The  City  of  London  is  a  microcosm  of  the  best  and 
most  varied  experience  in  carriage-way  construction, 
under  the  superintendence  of  the  Engineer  who  has 
lucidly  described  the  various  structures  which  have,  from 
time  to  time,  been  laid  down  and  tried,  in  a  catholic  spirit, 
and  has  recorded  the  results  of  his  experience,  in  a 
series  of  Reports  ranging  over  a  period   of  thirty  years 

from  1848  to  1877.  Mr.  Clark  has  endeavoured  impar- 
tially to  set  forth  the  merits  and  disadvantages  of  the 
systems  of  pavement  which  have  come  under  his  observa- 
tion, and  he  believes  that  the  results  of  his  investiga- 
tions will  be  useful  to  others. 

The  varieties  of  wood  pavement  and  of  asphalte 
pavement  which  have  been  laid  in  the  Metropolis — 
more  especially  in  the  City — have  been  fully  described 
and,    it  is  hoped,  fairly  criticised.     Mr.    Clark  has  also 
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added  a  chapter  on  the  Resistance  to  Traction  on  Common 
Roads,  in  which  he  has  endeavoured  to  educe  the  law  of 
rolling  resistance,  and  has  contributed  new  formulas,  with 
fresh  data. 

Appended  to  the  text  will  be  found  a  portion  of  a  paper 
by  Sir  John  Burgoyne  on  Rolling  New-made  Roads ; 
eome  valuable  extracts  from  Mr.  Frederick  A.  Paget's 
Report  on  Road-rolling,  containing  several  interesting 
historical  facts ;  and  finally,  a  table  showing  the  Condi- 
tion of  Wood  and  Asphalte  Carriage-way  Pavements  in 
the  City  of  London,  from  a  recent  Report  of  Colonel 
Haywood. 
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HISTOEICAL    SKETCH. 

BY  D.  K.  CLAUK,  C.E 

In  the  middle  of  last  century,  communication  between 
towns  was  difficult.  The  roads  were  originally  mere  foot- 
paths, or  horse-tracks,  across  the  country,,  and  the  few 
wheeled  carriages  in  use  were  o£  a  rude  anH  inefficient 
description,  for  which  the  roads  were  wholly  unadapted. 
The  roads  were  necessarily  tortuous,  every  obstacle  which 
the  ground  presented  being  sufficient  to  turn  the  traveller 
out  of  his  natural  direction.  Many  of  these  roads  were 
carried  over  hills  to  avoid  marshes,  which  were  subse- 
quently drained  off  or  dried  up  ;  others  deviated  from 
their  direct  course  in  order  to  communicate  with  the  fords 
of  rivers  now  passable  by  bridges.  The  inland  commerce 
of  the  country  was  chiefly  carried  on  by  transport  on  the 
backs  of  pack-horses,  and  the  old-fashioned  term  load, 
commonly  in  use  as  a  measure  of  weight,  is  a  remnant  of 
that  custom — meaning  a  horse-load.  Gradually,  the  roads 
became  practicable  for  the  rude  carriages  of  the  times, 
and  they  were  maintained,  though  in  a  very  defective 
condition,  by  local  taxes  on  the  counties  or  parishes  in 
which  they  were  situated.  So  they  remained  until  turn- 
pike-trusts were  established  by  law,  for  levying  tolls  fi*om 
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persons  travelling  upon  the  roads.  Several  of  these  trusts 
were  established  previous  to  1765,  and  they  subsequently 
became  general,  when  the  attention  of  all  classes  of  the 
community  was  directed  to  the  state  of  the  highways. 
Bills  for  making  turnpike-roads  were  passed,  every  year,  to 
an  extent  which  seems  almost  incredible ;  and,  in  addition, 
every  parish  was  compelled  by  the  force  of  public  opinion, 
supplemented  by  indictments  and  fines  recoverable  at 
common  law  against  the  trustees,  when  the  roads  were 
not  maintained  in  proper  repair.  But  the  turnpikes  formed 
a  cumbrous  system :  they  were  trusts  in  short  lengths — 
about  fifteen  or  eighteen  miles — and  the  surveyors  em- 
ployed appear  to  have  been  ill -educated,  and  were 
appointed  by  favour  of  the  trustees  rather  than  for  any 
professional  knowledge. 

A  long  period  elapsed  before  any  good  system  of  road- 
making  was  established.  The  old  crooked  horse-tracks  were 
general!}^  followed,  with  a  few  deviations  to  render  them 
easy ;  the  deep  ruts  were  filled  with  stones  or  gravel  of 
large  and  unequal  sizes,  or  with  any  other  materials 
which  could  be  obtained  nearest  at  hand.  The  materials 
were  thrown  upon  the  roads  in  irregular  masses,  and 
roughly  spread  to  make  them  passable.  The  best  of  those 
roads  would,  in  our  time,  be  declared  intolerable.  Road- 
making,  as  a  profession,  was  unknown,  and  scarcely 
dreamt  of ;  for  the  people  employed  to  make  the  roads  and 
keep  them  in  repair,  were  ignorant  and  incompetent  for 
their  duties.  Travelling  was  uncommon,  and  funds  were 
scanty,  and  higher  talent  could  not  be  commanded.  Engi- 
neers, except  in  cases  of  sj)ecial  difficulty,  such  as  the  con- 
struction of  a  bridge  over  a  deep  and  raj)id  river,  cutting 
through  a  hill,  or  embanking  across  a  vaUey,  probably 
thought  that  road-making  was  beneath  their  considera- 
tion, and  it  was  thought  singular  that  Smeaton  should 
have  condescended  to  make  a  road  across   the  valley  of 
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the  Trent,  between  Markliam  and  Newark,  in  1768.  At  the 
same  time,  civil  engineers,  according  to  Sir  Henry  Parnell, 
"had  been  too  commonly  deemed  by  turnpike-trustees  as 
something  rather  to  be  avoided,  than  as  useful  and  neces- 
sary to  be  called  to  their  assistance."  By-and-bye,  as 
people  became  sensible  of  the  value  of  time,  easier  and 
more  rapid  means  of  communication  than  the  old  roads 
were  required :  improved  bridges  were  built  with  easier 
ascents ;  and,  in  some  cases,  cuts  were  made  to  shorten  the 
distances,  though  the  general  lines  of  the  old  roads  were 
preserved.  The  roads,  no  doubt,  were  somewhat  im- 
proved in  this  way,  but  there  was  no  general  system  or 
concert  between  the  district  trustees. 

Mr.  Arthur  Young,  in  his  ''Six  Months'  Tour,"  pub- 
lished in  1770,  writes  of  some  of  the  roads  in  the  north  of 
England  : — "  To  Wigan.  Turnpike. — I  know  not,  in  the 
whole  range  of  language,  terms  sufficiently  expressive  to 
describe  this  infernal  road.  Let  me  most  seriously  caution 
all  travellers  who  may  accidentally  propose  to  travel  this 
terrible  country,  to  avoid  it  as  they  would  the  devil,  for  a 
thousand  to  one  they  break  their  necks  or  their  limbs  by 
overthrows  or  breakings  down.  They  will  here  meet  with 
ruts,  which  I  actually  measured  four  feet  deep,  and  float- 
ing with  mud  only  from  a  wet  summer  ;  what  therefore 
must  it  be  after  a  winter  ?  The  only  mending  it  receives 
is  tumbling  some  loose  stones,  which  serve  no  other  pur- 
pose than  jolting  a  carriage  in  the  most  intolerable 
manner.  These  are  not  merely  opinions,  but  facts  ;  for  I 
actually  passed  three  carts,  broken  down,  in  those  eighteen 
miles  of  execrable  memory."  ''  To  Newcastle.  Turnpike. 
— A  more  dreadful  road  cannot  be  imagined.  I  was 
obliged  to  hire  two  men  at  one  place  to  support  my  chaise 
from  overturning.  Let  me  persuade  all  travellers  to  avoid 
this  terrible  country,  which  must  either  dislocate  their 
bones  with  broken  pavements,  or  bury  them  in   muddy 
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sand."  Even  so  much  later  as  the  year  1809,  the  roads 
answered  to  the  description  of  Mr.  Young.  Mr.  C.  W. 
Ward,  writing  in  that  year,*  states  that  the  convex  sec- 
tion, as  shown  in  Fig.  1,  was  the  most  prevalent  in  the 
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Fig.  1.—  (Jommon.  Convex  Koad,  in  1809. 

country.  Under  the  impression  that  the  higher  the  arch 
was  made,  the  more  easily  the  road  would  be  drained, 
the  materials  were  heaped  up  about  the  centre  till  the 
sides  became  dangerous,  by  their  slope,  for  the  passage  of 
carriages.  The  carriages,  therefore,  ran  entirely  upon  the 
middle  till  it  was  crushed  and  worn  down,  and  then  a  fresh 
supply  of  materials  was  laid  on,  and  the  road  was  again 
restored  to  its  dangerous  shape.  The  sides  of  the  road 
were  but  little  used,  except  in  summer,  or  until  the  heavy 
waggons  had  crushed  the  middle  into  a  surface  apparently 
compact  and  smooth.  In  some  places,  the  rough  materials 
were  laid  in  a  narrow  line,  not  exceeding  seven  or  eight 
feet  in  breadth,  along  the  middle  of  the  road,  and  the 
sludge  collected  from  the  scrapings  of  the  roads  or 
ditches  was  placed  on  each  side,  like  banks,  to  prevent  the 
stones  from  being  scattered  by  the  wheels.  The  high  con- 
vex form  was  so  exceedingly  defective  as  to  defeat  the 
object  for  which  it  was  constructed.  Carriages  were  forced, 
for  safety  or  for  convenience,  to  keep  to  the  middle,  and 
it  was  speedily  ploughed  into  deep  ruts,  which  held  the 
rain-water,  even  when  the  convexity  approached  to  the 
form  of  a  semicircle.  The  central  elevation,  therefore, 
was  not  kept  dry ;  and  the  central  pressure  of  the  traffic 
forced  the  material  upon  the  sides,  where  they  lay  loose 

*  Third  Beport  from  Parliamentary  Committee  on  Turnpikes  and 
Highways,  1809. 
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and  unconnected,  and  obstructed  the  course  of  water  from 
the  middle.  The  condition  of  such  a  road,  ploughed  and 
disintegrated,  is  illustrated  in  section  by  Fig.  2,  when  it 


Fig.  2.— An  Indicted  Road.— Its  first  state.    Year  1809. 

was,  probably,  indicted.  It  was  common  for  the  parish- 
surveyor  after  harvest  to  make  a  contract  with  a  stout 
labourer,  who  took  job-work,  for  the  reparation  of  the 
road,  with  a  special  injunction  "to  be  sure  that  he  threw 
up  the  road  high  enough,  and  made  the  stones  of  the 
old  causeway,  or  foot  pavement,  go  as  far  as  they  could." 
The  diligent  operator  fell  to  work ;  nor  was  he  stopped  by 
the  equinoctial  rains  in  September,  for  the  work  must  be 
done,  as  contracted  for,  before  the  Michaelmas  sessions. 
He  accordingly  produced  something,  Fig.  3.     The  clods 


Fig.  3. — The  Indicred  Road  thrown  up,  ro  takr  wn  tiie  Indictment, 
under  the  direction  of  a  Parish  Survey  jr.    Its  second  state. 

and  rushes  were  thrown  into  the  bottom,  and  the  soft  soil 
which  nourished  the  vegetation,  and  all  other  materials, 
hard  or  soft,  were  laid  down,  forming  a  convexity  of  con- 
siderable elevation,  according  to  order: — barrelling  the 
road,  as  it  was  called.  The  whole  was  duly  surmounted  with 
the  stones  from  the  old  broken  footpath,  with  a  little  gravel 
raked  over  them,  just  to  keep  them  together.     Finished 
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thus,  say  by  Saturday  mght,  then  on  the  following  Monday 
it  was  submitted  for  inspection  to  two  magistrates,  on  their 
way  to  the  quarter  sessions.  How  could  they  possibly 
refuse  to  speak  the  truth  ?  they  certified  "  that  it  was  per- 
fectly smooth  when  they  saw  it,  and  that  a  vast  deal  had 
been  done  since  the  last  time  they  were  there."  But 
besides  tear  and  wear,  decomposition  immediately  took 
place  in  the  chaotic  mass,  and,  in  the  second  or  third 
year  after  the  repair,  the  road  was  reduced  1 1  the  condition 
shown  in  Fig.  4,  in  its  last  and  worst  state. 

Although  it  appears  that  the  practice  of  road-making, 


Fig.  4.— The  same  Eoad,  in  its  third  year  after  repair,  or  its  last  and  -worst  state. 

even  at  the  commencement  of  the  present  century,  was 
sadly  deficient,  it  is,  nevertheless,  fair  to  add  that  persons 
of  intelligence  were  aware  of  the  first  requisite  for  a 
good  road.  Mr.  Foster,  of  Bedfordshire,  in  1809,  saw 
that  it  was  desirable,  "  first,  to  lay  a  substantial  founda- 
tion of  the  hardest  stone  or  coarsest  gravel  that  could  be 
procured,  and  then  to  coat  it  with  a  finer  and  more  level 
surface." 

It  followed,  from  the  imperfect  condition  of  the  roads, 
that  the  wheels  of  vehicles  were  required  to  be  of  great 
width,  in  proportion  to  the  weight  carried  on  each  wheel. 
The  following  table  shows  the  proportions  and  the  distri- 
bution of  weight  on  the  wheels,  according  to  the  regula- 
tions of  the  Act  which  was  in  force  in  the  early  part  of  this 
century.  The  rolling  widths  are  the  slant  widths  of 
conical  wheels : — 
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Table  Xo.  1. — Weight,  Horse-power,  and  Wheels  op  Vehicles 
ON  Common  Roads.    1809. 


Weight 

! 

Breadth  of  wheel. 

Gross 
weight. 

Number 
of  hoi-ses. 

Draught  of 
each  horse. 

on  the 

road  at 

each 

wheel. 

Pressure 
per  inch 
of  width. 

inches. 

tons. 

cwt.     lb. 

cwt. 

lbs. 

16     .         .         . 

8 

10 

16       0 

40 

280 

9,  rolling  16      . 

6| 

8 

16     42 

32i 

404 

9       .          .         . 

6 

8 

15       0 

30 

373 

6,  rolling  1 1      . 

5i 

6 

18     37 

27i 

513 

6       .          .         . 

H 

6 

16       0 

22| 

420 

3       .         .         . 

H 

4 

17     56 

653 

2,  Stage  coach  . 

4 

4 

20      0 

20 

1120 

Here,  it  is  apparent  that  the  pressures  per  incL.  of  width 
of  tyres  increased  as  the  width  diminished.  In  the  opinion 
of  the  practical  men  of  that  day — carriers  and  others — 
the  pressure  should  have  been  limited  to  about  4  cwt., 
or  448  lbs.,  per  inch  wide ;  and  it  was  maintained  that 
the  minimum  width  of  wheel  for  any  vehicle  should  be 
4^  inches. 

About  the  year  1816,  Mr.  James  L.  Macadam,  who  had 
for  many  years  previously  given  his  attention  to  the  state 
of  the  roads,  assumed  the  direction  of  the  roads  of  Bristol, 
and  he  put  in  practice  the  leading  principle  of  his  system 
of  road-making,  namely,  ' '  to  put  broken  stone  upon  a 
road,  which  shall  unite  by  its  own  angles  so  as  to  form  a 
solid,  hard  surface."  ''It  foUows,"  he  adds,  "that  when 
that  material  is  laid  upon  the  road,  it  must  remain  in  tlie 
situation  in  which  it  is  placed  without  ever  being  moved 
again  ;  and  what  I  find  fault  with  in  putting  quantities  of 
gravel  on  the  road  is  that,  before  it  becomes  useful,  it 
must  move  its  situation,  and  be  in  constant  motion."*' 
The  principle  was  to  substitute  small  angular  stones,  such 

*  '*  Report  of  the  Select  Committee  on  the  Highways  of  the  King^ 
<iom,  1819,"  p.  22, 
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as  resulted  from  tlie  breakage  of  larger  stones,  for  rounded 
stones  ;  so  as  to  form  a  sort  of  mosaic  or  interlocking  sys- 
tem. This  is  the  distinctive  novelty  of  the  system  of 
Macadam,  and  its  value  has  been  established  by  imiversal 
experience. 

Mr.  Macadam  also  maintained  that  no  greater  convexity 
should  be  given  to  the  surface  of  the  road,  in  transverse 
sections,  than  was  sufficient  to  cause  rain-water  to  run 
readily  into  the  side  channels.  The  surface  of  the  road 
was  kept  even  and  clean  by  the  addition  of  proper  fresh 
materials  when  necessary,  distributed  equally  in  thin 
layers  immediately  after  rain,  in  order  that  the  new  mate- 
rials might  bind  and  incorporate  properly  with  the  old. 
Macadam's  system  of  construction  consisted  in  simply 
laying  a  stratum  of  flints,  or  other  hard  materials,  10 
or  11  inches  thick,  broken  equally  into  small  pieces  about 
2  inches  in  diameter,  and  spread  equally  over  the  intended 
road-surface.  The  broken  ''metal"  became  consolidated 
by  carriages  passing  over  it.  Without  any  specialty  of 
professional  training,  except  the  faculty  of  acute  obser- 
vation. Macadam  effected  great  improvement  of  the  sur- 
face of  the  roads  immediately  under  his  charge  ;  and,  by 
his  business-like  and  extended  views  on  road -adminis- 
tration, he  established  for  himself  a  world-wide  repu- 
tation. He  professed  to  be  a  road-maker  only,  and  he 
devoted  his  whole  time  and  attention  to  the  propagation  of 
his  system.  He  found  the  roads  in  the  Bristol  district 
loaded  with  two  or  three  feet  of  materials,  of  large  and 
irregular  size,  which  had  for  years  been  accumulated 
on  the  surface.  The  heaps  were  utilised  as  quarries  of 
stones  partially  broken  on  the  spot ;  the  stones  he  excavated, 
separated  from  the  mud,  and  reduced  by  breakage  to  a  uni- 
form size,  6  ounces  in  weight.  After  having  been  so  broken, 
the  stones  were  relaid,  and  were  carefully  and  regularly 
raked  and  levelled  during  the  process  of  consolidation.   In 
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this  way,  with  the  addition  of  effective  drainage  where 
necessary,  he  was  enabled  to  make  a  good  surface  on  roads 
which  previously  were  almost  impassable.  As  nearly  every 
road  had  more  metal  upon  it  than  was  necessary,  he,  and 
the  surveyors  appointed  by  him,  established  economy  in 
the  construction  and  maintenance,  as  well  as  in  the  admi- 
nistration of  the  finances,  and  his  system  became  generally 
adopted. 

AVhiilst  Mr.  Macadam  deserved  well  as  the  pioneer  of 
good  road-construction,  it  may  be  observed  that  he  had 
been  anticipated  in  the  promulgation  of  the  system  of  a 
regularly  broken -stone  covering  by  Mr.  Edgeworth,  an 
Irish  proprietor,  whose  treatise  on  roads,  of  which  the 
second  edition  was  published  in  1817,*  contains  the  results 
of  his  experiments  on  the  construction  of  roads,  with  some 
useful  rules.  He  advocated  the  breaking  of  the  stones  to 
a  small  size,  and  their  equal  distribution  over  the  surface. 
He  also  recommended  that  the  interstices  should  be  filled 
uj)  with  small  gravel  or  sharp  sand — a  practice  which, 
though  it  was  condemned  by  Macadam,  is  now  adopted 
by  the  best  surveyors. 

Since  Macadam's  time,  the  practice  of  road-making  has 
been  greatly  improved  by  the  use  of  the  roller  for  com- 
pressing and  settling  new  materials,  and  of  preparing  at 
once  a  comparatively  smooth  and  hard  surface  for  traffic. 

Telford  first  directed  his  attention  in  1803-4,  to  the 
construction  of  roads.  He  was  employed  chiefly  in  the 
construction  of  new  roads — hundreds  of  miles  of  roads  in 
the  Scottish  Highlands ;  also  the  high  road  from  London 
to  Holyhead  and  Liverpool,  and  the  great  north  roads, 
formed  in  consequence  of  the  increased  communication 
with  Ireland  after  the  Union,  and  which  were  excellent 
models  for  roads  throughout  the  kingdom.      Telford  set 

*  "  An  Essay  on  the  Construction  of  Roads  and  Carriages,"  2nd 
edition,  1817. 
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out  the  roads  according  to  tlie  wants  of  the  district  through 
which  they  were  made,  as  well  as  with  a  view  to  more 
distant  communication;  and  the  acclivities  were  so  laid 
out,  that  horses  could  work  with  the  greatest  effect  for 
drawing  carriages  at  rapid  rates.  As  a  notable  instance 
of  the  wonderful  improvements  that  were  effected  by  Tel- 
ford's engineering  skill  applied  to  the  laying  out  of  new 
roads,  an  old  road  in  Anglesea  rose  and  fell  between  its 
extremities,  24  miles  apart,  through  a  total  vertical  height 
of  3,540  ft. ;  whilst  a  new  road,  laid  out  by  Mr.  Telford 
between  the  same  points,  rose  and  fell  only  2,257  ft.,  or 
1,283  ft.  less  than  the  undulations  of  the  old  road,  whilst 
the  new  road  was  more  than  2  miles  shorter. 

The  road  was  formed  by  a  substratum,  or  rough  hand- 
set pavement,  of  large  stones  as  a  foundation,  with  suffi- 
cient interstices  between  the  stones  for  drainage.  The 
materials  laid  on  this  foundation  were,  like  Macadam's 
materials,  hard  and  angular,  broken  into  small  pieces,  de- 
creasing in  size  towards  the  top,  where  they  formed  a  fine 
hard  surface,  whereon  the  carriage  wheels  could  run  with 
but  little  resistance.  Telford's  system  was  afterwards 
studied  by  his  assistant,  Mr.  (afterwards  Sir  John)  Macneil. 

The  pressure  of  public  opinion,  acting  through  more 
fchan  a  century,  has  resulted  in  a  network  of  fully  160,000 
miles  of  good  carriageable  roads  in  the  United  King- 
dom, according  to  the  following  data  supplied  by  Mr. 
Vignoles: — * 

Length  of  Metalled  Roads  in  1868-69. 

United  Kingdom 
France 
Prussia 
Spain 

The  rolling  of  Macadam  or  broken-stone  roads,  though 
*  Address  of  the  President  of  the  Institution  of  Civil  .Engineers, 
January  llth,  1870. 


Length  of  Eoad. 

Area. 

Population. 

MUes. 

Square  miles. 

Numbers. 

.     160,000 

122,519 

30,621,431 

.     100,048 

210,460 

38,192,064 

.       55,818 

139,675 

23,970,641 

.       10,886 

198,061 

15,673,481 
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it  seems  to  have  been  first  applied  in  1^30,  a^ppears  to 
have  been  but  imperfectly  appreciated  in  England  until 
about  the  year  1843,  when,  according  to  Mr.  F.  A.  Paget, 
the  first  published  recommendation  in  the  English  lan- 
guage of  horse  road-rolling,  as  a  measure  of  economy,  was 
issued  by  Sir  John  Burgoyne.*  Eoad-roUing  is  now  very 
generally  practised,  by  horse-power  or  by  steam-power,  f 

The  first  Act  for  paving  and  improving  the  City  of 
London  was  passed  in  1532.  The  streets  were  described, 
in  this  simply- worded  statute,  as  ''very  foul,  and  full  of 
pits  and  sloughs,  so  as  to  be  mighty  perillous  and  noyous, 
as  well  for  all  the  king's  subjects  on  horseback,  as  on  foot 
with  carriages  "  (litters). 

Previously  to  the  introduction  of  the  turnpike -road 
system,  the  streets  of  the  metropolis  and  other  large  towns 
were  paved  with  rounded  boulders,  or  large  irregular 
pebbles,  imported  from  the  sea-shore.  They  usually  stood 
from  6  to  9  inches  in  depth  for  the  carriage-way,  and  about 
3  inches  deep  for  the  footpaths.  Such  a  road  could  not  be 
made  with  a  very  even  surface ;  the  joints  were  neces- 
sarily very  wide,  and  afforded  receptacles  for  filth.  The 
irregularity  of  the  bases  of  the  stones  caused  a  difficulty 
in  securing  a  solid  and  equal  support;  and,  under  the 
traffic,  ruts  and  hollows  were  speedily  formed.  The  boulder 
pavement  was  succeeded  by  a  pavement  composed  of 
blocks  of  stone  which,  though  ordinarily  of  tolerably 
good  quality,  and  measuring  6  or  8  inches  across  the  sur- 
face, were  so  irregular  in  shape  that  even  their  surfaces 
did  not  fit  together.     They  formed  a  rubble  causeway, 

*  See  a  paper  by  Sir  John  Burgoyne  "  On  Eolling  new-made 
Roads,"  in  the  Appendix. 

t  The  history  of  Horse  Road-Rolling  and  of  Steam  Road-Rolling,  is 
given  by  Mr.  Frederick  A.  Paget  in  his  instructive  "Report  on  the 
Economy  of  Road  Maintenance  and  Horse-draught  throngli  Steam 
Road-rolling ;  with  Special  Reference  to  the  Metropolis,  1870." 
Addressed  to  the  Metropolitan  Board  of  Works. 
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in  which  the  stones  were  hut  slightly  hammer-dressed. 
Wide  joints  were  made ;  and  far  from  being  dressed 
square  down  from  the  surface,  they  most  frequently  only 
came  into  contact  near  the  upper  edges;  and,  tapering 
downwards,  their  lower  ends  were  narrow  and  irregular, 
leaving  an  insulficient  area  of  flat  base  to  support  weight. 
With  such  irregular  forms,  considerable  spaces  were  un- 
avoidably left  between  the  stones,  which  were  filled  by 
the  paviours  with  loose  mould,  sand,  or  other  soft  material, 
of  which  the  bed  or  subsoil  was  composed.  Another  great 
deficiency  in  the  construction  of  the  pavement,  was  caused 
by  inattention  to  the  selection  and  arrangement  of  the 
stones  according  to  size — large  and  small  stones  were 
placed  alongside  of  each  other,  and,  as  they  acted  un- 
equally in  their  resistance  to  pressure,  they  created  a  con- 
tinual jolting  in  wheel-carriages,  and,  adding  percussive 
action  to  pressure,  became  powerful  destructive  agents. 
Again,  the  bed  on  which  the  stones  were  placed,  being 
loose  matter,  for  the  most  part,  was  easily  converted  into 
mud  when  water  sank  through  between.  It  was  unavoid- 
ably loosened  by  the  paviour's  tool,  to  suit  the  varying 
depths  and  narrow  bottoms  of  the  stones,  and  to  fill  up 
the  chasms  between  the  stones.  The  mud  was  worked  up 
to  the  surface,  and  the  stones  were  left  unsupported.  In 
consequence  of  these  defects,  the  surface  of  the  pavement 
soon  became  very  uneven,  and  not  unfrequently  sunk  so 
much  as  to  form  hollows,  which  rendered  it  not  only 
incommodious  but  dangerous  to  horses  iand  carriages. 

Such  was  the  system  of  pavement  met  with  in  London 
fifty  years  ago.  Mr.  Telford,  in  1824,  clearly  pointed  out 
the  deficiencies  of  the  system  ;  and  in  his  Report  (referred 
to  in  the  foot-note)*  he  recommended  first,  a  bottoming, 

*  See  Mr.  Telford's  **  Report  respecting  the  Street  Pavements,  &c., 
of  the  Parish  of  St.  George's,  Hanover  Square,"  printed  in  Sir  Henry 
Paruell's  "Treatise  on  Eoads,"  p.  348,  2nd  Edition. 
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or  foundation,  of  broken  stones,  12  inches  deep  ;  second, 
rectangular  paving-stones  of  granite,  worked  flat  on  the 
face,  straight  and  square  on  all  the  sides,  so  as  to  joint 
close,  with  a  base  equal  to  the  face,  forming,  in  fact,  an 
ashlar  causeway.  The  dimensions  of  the  stones  were 
recommended  to  be  as  follows : — 


Wid+h. 
Inches. 

Dep+h. 
Inches. 

Length. 
Inches. 

Por  streets  of  the  1st  class 

6to7i 

10 

11  to  13 

2nd     „ 

5  to  7 

9 

9  to  12 

3rd     „ 

4ito6 

7  to  8 

7  to  11 

Stones  of  such  dimensions  as  those  recommended  by 
Telford,  frequently  having  a  depth  of  12  inches,  have 
been  generally  employed  in  street -paving.  In  some 
instances,  they  have  been  laid  on  concrete,  with  the  joints 
grouted  with  lime  and  sand,  to  insure  a  great  degree  of 
stability.  They  have  been  proved  to  possess  great  dura- 
bility—  of  which  many  instances  wiU  be  adduced — but 
they  have  been,  for  several  reasons,  generally  abandoned 
in  favour  of  narrower  paving-stones,  3  or  4  inches  in 
width,  though  many  secondary  streets  in  London  and  else- 
where, remain,  at  this  day,  paved  with  6 -inch  stones. 

Macadam's  system  was  introduced  in  some  streets  where 
the  traffic  was  light,  but  it  did  not  equal  the  granite 
paving. 

Pavements  formed  of  blocks  of  wood  appear  to  have 
been  first  employed  in  Eussia,  where,  according  to  the 
testimony  of  Baron  de  Bode,*  it  has  been,  though  rudely 
fashioned,  used  for  some  hundreds  of  years.  After  long 
and  repeated  trials  of  various  modes  of  construction,  wood 
pavement  consisted,  according  to  the  approved  method,  of 
hexagonal  blocks  of  fir  wood,  6  inches  across  and  7  inches 
deep,  planted,  with  the  fibre  vertical,  close  to  each 
other,  on  a  sound  and  level  bottom ;  a  boiling  mixture  of 

♦  "  Wood  Pavement,"  by  A.  B.  Blackie,  1842. 
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pitch  and  tar  was  poured  over  them,  and  a  small  quantity 
of  river  sand  was  strewed  over  the  tar.  "  The  fabrication 
of  these  blocks,"  wrote  Baron  de  Bode,  ''is  extremely- 
simple  and  expeditious.  It  is  accomplished  by  fastening 
six  strong  blades  into  a  strong  bottom  of  cast-iron,  and 
pressing  the  ready-cut  pieces  of  wood  through  these  six 
blades  by  means  of  a  common  or  hydraulic  press.  The 
bottom  of  the  press  being  open,  these  cut  blocks  drop  on 
the  floor,  completely  formed  for  immediate  use.  Eed  fir 
is  considered  the  best ;  but  none  of  it  must  be  used  when 
it  has  blue  stripes  on  its  edges,  as  that  is  a  proof  that  it 
is  in  a  state  of  decay.  The  blocks  must  be  perfectly  dried 
before  they  are  used,  and  squeezed  as  close  together  as 
possible  between  the  abutments,  one  on  each  side  of  the 
street  or  road,  so  as  to  keep  the  pavement  from  moving." 
In  Norway,  Sweden,  Denmark,  and  Iceland,  wood  was,  at 
the  time  of  Mr.  Blackie's  writing,  and  it  may  be  now,  in 
general  use  for  the  pavement  of  streets  and  highways. 

In  the  United  States,  likewise,  wood  pavement  was  laid 
down  experimentally — in  New  York  in  1835-6,  and  about 
the  same  time  in  Philadelphia.  In  New  York,  it  was  laid 
in  three  different  forms.  A  hundred  yards  was  laid  in 
Broadway,  consisting  of  hexagonal 
blocks  of  pitch-pine,  6  inches  across, 
and  &  inches  deep.  No  pitch  or  tar 
was  applied  to  this  pavement :  it  was 
simply  strewed  occasionally  with  gravel 
or  sand  for  a  month  after  it  was  laid. 
Stead's  Wood  I*  ^^^d  lain  for  two  years,  according  to 
'wockf."^™°^  report,  without  having  required  any 
repair ;  though  it  appears  that  very  few  carts  passing  over 
it  carried  more  than  half  a  ton  of  load,  of  which  the  widest 
wheel  did  not  exceed  three  inches  in  width.  An  equal 
length  of  pavement  was  laid  in  William  Street,  a  minor 
thoroughfare,  in  the  end  of  1836;  the  pavement  consisted 


yig.  5. 

Pavement.    Form  of 
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of  6-mcli  square  blocks  of  pine,  12  inches  deep.  The 
third  specimen  was  laid  in  Mill  Street,  in  the  middle  of 
1837,  consisting  of  the  same  size  and  kind  of  blocks  as 
those  laid  in  William  Street,  on  a  foundation  of  sand 
beat  down  very  hard.  It  is  stated  in  Mr.  Blackie's 
pamphlet  that  the  pavement  of  square  blocks  was  laid  on 
boards — probably  in  William  Street. 

Mr.  David  Stead  was  the  first  constructor  of  wood 
pavement  in  England.  He  patented  his  system  in  May, 
1838 : — consisting  of  hexagonal  blocks  of  Scotch  fir  or 
Norway  fir,  from  6  to  8  inches  across,  and  from  3^  to 
6  inches  deep,  according  to  the  trafiic  of  the  thoroughfare  in 
which  they  were  to  be  laid.  Each  block  was  of  the  form 
shown  in  Fig.  5,  chamfered  at  the  upper  edges.  The 
ground  having  been  well  beaten  and  levelled,  it  was 
covered  with  three  inches  of  gravel,  upon  which  the 
blocks  were  placed,  and  which  was  designed  to  carry 
away  the  water  which  might  penetrate  below  the  surface. 
The  pavement,  when  completed,  looked  substantial,  and 
presented  the  appearance  shown  in  Fig.  6.  When  the 
blocks  were  grooved  across,  they  appeared  together  as  in 
Fig.  7.  Mr.  Stead's  pavement  was, 
in  several  instances,  laid  on  a  bed 
of  concrete.  In  Manchester,  where 
it  was  thus  laid,  in  front  of  the 
Boyal  Infirmary,  the  concrete  bed 
was  three  inches  deep,  and  was 
composed  of  three  parts  of  small 
broken  stones,  |  inch  in  diameter, 
flushed  with  Ardwick  lime  and 
Roman  cement.  The  lime  was  mixed  with  sand  in  the 
proportion  of  one  to  two ;  and  the  cement  as  one  to 
twenty.  The  concrete  was  laid  upon  a  hard,  well- beaten 
clay   substratum. 

Mr.  Stead  also  laid  pavements  experimentally,  consist- 
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¥ig.  6. 
Stead's  Wood  Pavement,  1838. 
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rig.  7. 

stead's  Wood  Pavement,  1838. 


ing  of  round  blocks  of  wood — sections  of  trees — placed 
vertically,  and  laid  together  as  in  Fig.  8.  Tlie  interspaces 
were  filled  with  sifted  gravel  or  sharp  sand. 

The  first  example  of  wood-paving 
in  London,  was  laid  in  the  Old 
Bailey,  in  1839,  on  Stead's  system. 
It  was  laid  haphazard  on  the  bed 
of  the  roadway.  The  pavement  did 
not  wear  well ;  the  blocks  settled 
down  irregularly  in  the  unprepared 
foundation.  At  the  end  of  three 
years  and  two  months,  in  1842,  the  pavement  was  lifted, 
and  removed  to  pave  the  yard  of  the  Sessions  House ; 
there  it  decayed,  and  a  large  crop  of  fungi  appeared  in  the 
places  not  touched  by  the  traffic. 

Mr.  Stead's  system  of  wood  paving 
was  laid  in  several  other  localities  in 
London  about  the  same  time  as  the 
piece  which  was  laid  in  the  Old 
Bailey,  and  also  in  Woolwich  Dock- 
yard. It  was  laid  also  in  Salford, 
Liverpool,  and  Leeds. 

Shortly  after  Mr.  Stead's  attempt, 
during  the  period  from  1840  to  1843, 
seven  other  wood  pavements,  of  various  design,  were  laid 
in  the  City ;  but  they  did  not  last,  for  the  most  part,  more 
than  three  or  four  years.  One  of 
these  was  the  invention  of  the  Count 
de  Lisle,  patented  in  the  name  of 
Hodgson,  in  December,  1839  ;  the  in- 
vention was  acquired  by  the  Metro- 
politan Wood  Pavement  Company. 
Stereotomy 

of  the  Cube."    The  upper  and  under  surfaces  of  the  blocks, 
Fig.  9,  are  cut  diagonally  to  the  direction  of  the  grain, 


Yig.  8. 

stead's  Wood  Pavement. 

Round  Blocks. 


Fig.  9.— De  Lisle's  Wood 

Pavement.    Form  of 

Blocks,  1839. 

The  formation  of  the  blocks  was  called  the 
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Fig.  lO.-De  Lisle's  Wood 
Pavement,  1839. 


forming  parallelepipeds,  wliicli  are  placed  alternately  in 
reversed  positions,  and  when  put  together  present  a  pave- 
ment having  the  appearance  of 
Fig.  10.  In  each  block,  two  holes 
are  cut  on  each  side  to  receive 
dowels  or  trenails,  designed  to 
lock  the  blocks  together. 

Mr.  Carey's  wood  pavement, 
patented  in  1839,  was  one  of  the 
earliest  pavements  that  were  tried, 
and  it  proved  to  be  the  best  at 
the  time.  It  was  first  laid  in  the  City,  in  the  Poultry, 
in  1841,  where  it  lasted  six  years ;  and  it  was  shortly 
afterwards  laid  in  many  other  streets.  It  consisted  of 
blocks  of  wood  6  or  7  inches  wide,  from  12  to  14 
inches  in  length,  and  8  inches  deep,  shown  in  side 
elevation.  Pig.  11.  The  four-sided  blocks  of  wood 
were  of  wedge-form,  in  and  out,  sidewise  and  endwise 
vertically,  so  as  to  form  salient  and  re-entering  angles, 
and  to  interlock  on  all  the  four  sides,  each  block  with  its 
neighbour,  when  laid.  It  was  anticipated  that,  by  this 
arrangement,  each  block  would  receive  support  from  its 
neighbours,  and  would  be  prevented  from  shifting  or 
settling  from  its  position,  since  the  pressure  of  the  load 
that  was  to  come  upon  each  block  in  succession  would  be 
distributed  and  dispersed  over 
the  neighbouring  blocks.  Later 
experience  has  demonstrated 
two  things  : — that  lateral  sup- 
port of  this  kind  was  not  re- 
quired; and  that,  following  the  experience  of  stone-set 
paving,  the  wood  blocks  of  narrower  dimensions  answered 
better,  and,  with  suitable  interspaces,  afforded  the  necessary 
foothold  for  horses. 

Asphalte,  a  natural,  brittle  compound  of  bitumen  and 


Fig.  11  —  Carey's  Wood  Pavement. 
Vertical  Section,  1839. 
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limestone,  found  in  volcanic  districts,  was  introduced  from 
France,  for  foot-pavements,  in  1836.  It  has,  since  that 
time,  been  extensively  employed  in  the  City  of  London  for 
the  pavements  of  carriage-ways. 

In  France,  the  art  of  the  construction  of  roads,  a  hundred 
years  ago,  was  far  in  advance  of  English  practice.  Pre- 
viously to  1775,  the  causeway  was  generally  18  feet  wide, 
with  a  depth  of  18  inches  at  the  middle  and  12  inches  at 
the  sides,  according  to  the  profile,  Fig.  12.    Stones  were  laid 


Fig.  12.— Section  of  Fl-ench  Roads.    Previous  to  1775. 

flat,  by  hand,  in  two  or  more  layers,  on  the  bottom  of  the 
excavation ;  on  this  foundation,  a  layer  of  small  stones  was 
placed  and  beaten  down,  and  the  surface  of  the  road  was 
formed  and  completed  with  a  finishing  coat  of  stones  broken 
smaller  than  those  immediately  beneath.  As  the  roads 
were,  down  to  the  year  1764,  maintained  by  statute  labour, 
with  which  the  reparations  could  only  be  conducted  in  the 
spring  and  the  autumn  of  each  year,  it  was  necessary  to 
make  the  thickness  of  the  roads  as  much  as  18  inches,  that 
they  might  endure  during  the  intervals  between  repairs. 
With  less  depth,  they  would  have  been  cut  through  and 
totally  destroyed  by  the  deep  ruts  which  were  formed  in 
six  months. 

The  suppression  of  statute  labour  {la  corvee),  in  1764, 
was  the  occasion  of  a  reformation  in  the  design  of  cause- 
ways, whereby  the  depth  was  reduced  to  such  dimensions 
as  were  simply  strong  enough  for  resisting  the  weight  of 
the  heaviest  vehicles.  The  depth  was  reduced  to  a  uniform 
dimension  of  9  or  10  inches  from  side  to  side,  and  the  cost 
was  diminished  more  than  one  half.  Writing  in  1775, 
M.  Tresaguet,  engineer-in-chief  of  the  generality  of  Li- 
moges, stated  that  roads  constructed  on  the  improved  plan 
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lastedfor  ten  years,  under  a  system  of  constant  maintenance, 
and  that  they  were  in  as  good  condition  as  when  first  con- 
structed. The  section  of  these  roads,  as  elaborated  by  M. 
Tresaguet,  is  shown  in  Fig.  13.    The  form  of  the  bottom  is 


Fig.  13.— Section  of  French  Roads,  elaborated  by  M.  Trdsaguet.    1775. 

a  parallel  to  the  surface,  at  a  depth  of  10  inches  below  it. 
Large  boulder  stones  are  laid  at  each  side.  The  first  bed 
consisted  of  rubble  stones  laid  compactly  edgewise,  and 
beaten  to  an  even  surface.  A  second  bed,  of  smaller  stones, 
was  laid  by  hand  upon  the  first  bed.  Finally,  the  finishing 
layer,  of  small  broken  stones,  broken  by  hand  to  the  size  of 
walnuts,  was  spread  with  a  shovel.  Great  care  was  taken 
in  the  selection  of  stone  of  the  hardest  quality  for  the 
upper  surface.  The  rise  of  the  causeway  was  6  inches  in 
the  width  of  18  feet,  or  1  in  36. 

Tresaguet's  method,  here  illustrated,  was  generally 
adopted  by  French  engineers  in  the  beginning  of  the 
present  century ;  although,  on  soft  ground,  they  placed  a 
layer  of  flat  stones  on  their  sides  under  the  rubble  work. 
In  this  case,  the  thickness  was  brought  up  to  20  inches. 
The  rise  of  the  causeway  was  as  much  as  l-25tli,  and 
often  equal  to  l-20th  of  the  width. 

But,  if  the  design  was  good,  the  maintenance  was  bad. 
Large  and  unbroken  stones  were  thrown  into  the  holes  and 
ruts,  and  neither  mud  nor  dust  was  removed.  About  the 
year  1820,  the  system  of  Mr.  Macadam  attracted  some 
attention  in  France ;  and  the  peculiar  virtue  of  angular 
broken  stone  in  closing  and  consolidating  the  surface  was 
recognised.  About  the  year  1830,  it  is  said,  the  system  of 
Macadam  was  officially  adopted  in  France  for  the  con- 
struction of  roads;   and  M.  Dumas,  engineer-in-chief  of 
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the  Fonts  et  Chaussees,  writing  in  1843,*  stated  tliat  the 
system  of  Macadam  was  generally  adopted  in  France,  and 
that  the  roads  were  maintained,  by  continuous  and  watch- 
ful attention  in  cleansing  the  roads  and  with  constant 
repair,  in  good  condition — realising  his  motto,  "  The  maxi- 
mum of  beauty."  But  the  employment  of  rollers  for  the 
preliminary  consolidation  and  finishing  of  the  road,  has 
been  an  essential  feature  in  their  construction  and  their 
maintenance ;  for  it  has  long  been  held  in  France  that  a 
road  unrolled  is  only  half  finished.  It  appears,  according 
to  Mr.  F.  A.  Paget,  that  the  horse-roller  was  introduced 
in  France  in  1833.  At  all  events,  in  1834,  M.  Polonceau, 
struck  by  the  viciousness  of  the  mode  of  aggregating  or 
rolling  the  material  of  the  road  by  the  action  of  wheels, 
proposed,  in  the  first  place,  to  consolidate  the  bottom  by 
a  6-ton  roller,  and  to  roll  the  material  in  successive  layers 
consecutively,  and  thus  to  complete  in  a  few  hours  what 
might,  in  the  ordinary  course  of  wheel -rolling,  require 
many  months  to  perform. 

•  "AnnakB  des  Fonts  ot  Chaussees,"  1843 ;  tome  5,  page  348. 
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CHAPTEE  I. 

EXPLORATION  OF  EOADS. 

This  part  of  the  work  is  confined  to  the  art  of  constructing 
common  roads,  in  situations  where  none  previously  existed, 
and  to  the  repair  of  those  already  made.  Before  entering' 
into  the  details  of  their  construction,  it  is  desirable  to  go 
into  the  subject  of  the  exploration  of  roads,  or  the  manner 
in  which  a  person  should  proceed  in  exploring  a  tract  of 
country,  for  the  purpose  of  determining  the  best  course  for 
a  road,  and  the  principles  which  should  guide  him  in  his 
final  selection  of  the  same. 

Suppose  that  it  is  desired  to  form  a  road  between  two 
distant  towns,  A  and  b,  Fig.  14,  and  for  the  present  neglect 
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Fis.  14.— Laying  out  a  Road. 


altogether  the  consideration  of  the  physical  features  of  the 
intervening  country ;  assuming  that  it  is  equally  favour- 
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al)le,  u'hatever  line  is  selected.  Now,  at  first  siglit,  it 
would  appear  that,  under  such  circumstances,  a  perfectly 
straight  line  drawn  from  one  town  to  the  other,  would  be 
the  best  that  could  be  chosen.  But  on  a  more  careful 
examination  of  the  locality,  it  may  be  found  that  there  is 
a  third  town,  c,  situated  somewhat  on  one  side  of  the 
straight,  line  drawn  from  A  to  b  ;  and,  although  the 
primary  object  is  to  connect  the  two  latter,  it  may,  never- 
theless, be  considerably  better  if  the  whole  of  the  three 
towns  were  put  into  mutual  connection  with  each  other. 
Now  this  may  be  effected  in  three  different  ways  ;  any  one 
of  which  might,  under  certain  circumstances,  be  the  best. 
In  the  first  place,  a  straight  road  might,  as  originally  sug- 
gested, be  formed  from  a  to  b,  and,  in  a  similar  manner, 
two  other  straight  roads  from  A  to  c,  and  from  b  to  c.  This 
would  be  the  most  perfect  way  of  effecting  the  object  in 
view,  the  distance  between  any  two  of  the  towns  being 
reduced  to  the  least  possible  length.  It  would,  however, 
be  attended  with  considerable  expense,  and  it  would  be 
requisite  to  construct  a  much  greater  length  of  road  than 
according  to  the  second  plan,  which  would  be  to  form,  as 
before,  a  straight  road  from  A  to  b,  and  from  c  to  construct 
a  road  which  should  join  the  former  at  a  point  d,  so  as  to 
be  perpendicular  to  it ;  the  traffic  between  a  or  b  and  c, 
would  proceed  to  the  point  d,  and  then  turn  off  to  c.  By 
this  arrangement,  while  the  length  of  the  roads  would  be 
very  materially  decreased,  only  a  slight  increase  would  be 
occasioned  in  the  distance  between  c  and  the  other  two 
towns.  The  third  method  would  be  to  form  only  the  two 
roads  a  c  and  c  b.  In  this  case,  the  distance  between  a  and 
B  would  be  somewhat  increased,  while  that  between  A  and 
c,  or  B  and  c,  would  be  diminished  ;  the  total  length  of 
road  to  be  constructed  would  also  be  lessened. 

Asa  general  rule,  it  may  be  taken  that  the  last  of  these 
methods  is  the  best,  and  most  convenient  for  the  public  j 
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that  is  to  say,  if  the  pnysical  character  of  the  country 
does  not  determine  the  course  of  the  road,  it  will  generally 
be  found  best  not  to  adopt  a  perfectly  straight  line,  but  to 
vary  the  line  so  as  to  pass  through  the  principal  towns 
near  its  general  course.  The  public  may  thus  be  con- 
veyed from  town  to  town  with  greater  facility  and  less 
expense  than  if  the  straight  line  were  adopted,  and  the 
towns  were  to  communicate  with  it  by  means  of  branch 
roads.  On  the  first  system,  vehicles  established  to  convey 
passengers  or  goods  between  the  two  terminal  towns, 
would  pass  through  all  those  which  were  intermediate; 
whilst,  if  the  straight  line  and  branch-road  system  were 
adoj)ted,  a  system  of  branch  coaches  would  be  required 
for  meeting  the  coaches  on  the  main  line. 

In  laying  out  a  road  in  an  old  country,  in  which  the 
position  of  the  several  towns,  or  other  centres  of  industry, 
requiring  road  accommodation,  is  already  determined, 
there  is  less  liberty  for  the  selection  of  the  line  of  road 
than  in  a  new  country,  where  the  only  object  is  to  establish 
the  easiest  and  best  road  between  two  distant  stations.  In 
the  first  case,  the  positions  of  the  towns,  and  other  in- 
habited districts  situated  near  the  intended  road,  are  to  be 
taken  into  consideration,  and  the  course  of  the  road  may, 
to  a  certain  extent,  be  controlled  thereby ;  whilst,  in  the 
second  case,  the  physical  character  of  the  country  would 
alone  be  investigated,  and  it  alone  would  constitute  the 
basis  for  the  selection  of  a  new  route. 

Whichever  of  these  two  cases  may  be  dealt  with,  in  the 
selection  and  adoption  of  the  line  of  road  between  two 
points,  a  careful  examination  of  the  physical  character  of 
the  country  should  be  made,  and  the  line  of  the  route 
determined  in  accordance  with  physical  conditions. 

One  of  the  first  points  which  attract  notice  in  making  an 
examination  of  an  ordinary  tract  of  country,  is  the  uneven- 
ness  or  undulation  of  its  surface ;  but  if  the  observation  be 
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extended  a  little  further,  one  general  principle  of  con- 
formation is  perceived  even  in  the  most  irregular  countries. 
The  country  is  intersected  in  various  directions  by  rivers, 
increasing  in  size  as  they  approach  their  point  of  dis- 
charge ;  towards  these  main  rivers,  lesser  rivers  approach 
on  both  sides,  running  right  and  left  through  the  country ; 
and  into  these,  again,  enter  still  smaller  streams  and 
brooks.  Furthermore,  the  ground  falls  in  every  direction 
towards  the  natural  watercourses,  forming  ridges,  more 
or  less  elevated,  running  between  them,  and  separating 
from  each  other  the  districts  drained  by  the  streams. 

It  is  the  first  business  of  a  person,  engaged  in  laying 
out  a  line  of  road,  to  make  himself  thoroughly  acquainted 
with  the  features  of  the  country ;  he  should  possess  him- 
self of  a  plan  or  map,  showing  accurately  the  course  of  all 
the  rivers  and  principal  watercourses,  and  upon  this  he 
should  further  mark  the  lines  of  greatest  elevation,  or  the 
ridges  separating  the  several  valleys  through  which  they 
flow.  It  is  also  of  peculiar  service  when  the  plan  contains 
contour  lines  showing  the  comparative  levels  of  any  two 
points,  and  the  rates  of  declivity  of  every  portion  of  the 
country's  surface.  The  system  of  showing  upon  plans  the 
levels  of  the  ground  by  means  of  contour-lines,  is  one  of 
much  utility,  not  only  in  the  selection  of  roads  and  other 
lines  of  communication,  but  also  for  settling  the  lines  of 
the  drainage  of  towns,  as  well  as  of  their  water-supply, 
and  of  the  drainage  and  irrigation  of  lands,  and  for  many 
other  purposes.  A  contour-plan  of  the  City  of  London  * 
(Fig.  15)  illustrates  the  application  of  the  sj^stem  of  con- 
tour levels.  It  will  be  observed  that,  upon  this  plan,  there 
are  a  number  of  fine  lines  traversing  its  surface  in  various 
directions,  and,  where  they  approach  the  borders  of  the 
map,  having  figures  written  against  them :  these  lines  are 

*  This  plan  is  taken  from  a  Report  on  the  Health  of  Towns,  and 
16  made  from  levels  ^aken  from  Mr.  Butler  Williams. 
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Fier.  15.— Contour  Plan  of  London. 
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termed  contour-lines,  and  they  denote  that  the  level  of  the 
ground  is  identical  throughout  the  whole  of  their  course : 
that  is  to  say,  that  every  part  of  the  ground  over  which  the 
line  passes,  is  at  a  certain  height  above  a  known  fixed 
point,  the  height  being  indicated  by  the  figures  written 
against  the  line.  At  the  point  a,  for  example,  in  Smithfield 
Market,  a  line  with  the  figures  57  is  attached,  which  indi- 
cates that  the  ground  at  that  spot  is  57  feet  above  some 
point  to  which  all  the  levels  are  referred.  If  the  course  of 
the  line  be  traced,  it  is  found  that  it  cuts  Newgate  Street 
at  the  point  b,  passes  thence  to  the  bottom  of  Paternoster 
Eow  at  the  point  i,  through  St.  Paul's  Churchyard  at  c,  to 
Cheapside  at  d.  It  then  curves  round  towards  the  point 
from  which  it  first  started,  and  crosses  Aldersgate  Street 
twice,  at  e  and  f  ;  and,  after  intersecting  Pore  Street, 
Cripplegate,  in  the  point  g,  it  again  meets  the  boundary 
of  the  City  at  h.  It  is  thus  shown  that,  tracing  the 
course  of  this  line,  each  of  those  points  stands  at  the  same 
height,  namely,  57  feet  above  a  certain  fixed  point,  termed 
the  datum.  This  point  is,  in  the  present  instance,  10  feet 
below  the  top  of  the  cap-stone  at  the  foot  of  the  step,  on  the 
east  side  of  old  Blackfriars  Bridge.  Each  interval  between 
the  lines  in  Pig.  8,  indicates  a  difi'erence  of  level  of  18 
inches ;  and  by  counting  the  number  of  these  lines  which 
intersect  a  street  or  road  within  any  given  distance,  the 
rise  or  fall  in  the  street  is  at  once  ascertained  by  simple 
multiplication.  Thus,  looking  at  the  line  of  Bishopsgate 
Street,  near  the  north  end,  the  contour-line  45  is  seen,  in- 
dicating that  that  point  in  the  street  is  45  feet  above  the 
datum,  and  nine  lines  are  found  intersecting  the  street 
between  that  point  and  the  top  of  Cornhill.  It  is  calcu- 
lated, therefore,  that  this  point  is  (1*5  X  9  =)  13'5  feet 
above  the  other  end  of  the  street,  or  58*5  feet  above  the 
datum.  The  rate  of  inclination  of  the  ground  may  also  be 
estimated  by  the  relative  proximity  or  distance  apart  of 
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these  lines.  Thus,  on  the  northern  side  of  the  City,  where 
the  ground  is  comparatively  level,  the  lines  are  far  apart ; 
whereas,  on  the  side  next  the  Thames,  and  again  on  each 
side  of  the  line  of  Farringdon  Street,  which  marks  the 
course  of  the  valley  of  the  old  river  Eleet,  where  the  sur- 
face is  very  hilly,  the  contour  lines  lie  close  together. 

The  plan.  Fig.  16,  shows  an  imaginary  tract  of  country, 
to  illustrate  more  clearly  the  mode  of  showing  by  means 
of  contour-lines,  the  physical  features  of  a  country.  The 
hatched  line,  e  f  g  h  i,  is  supposed  to  be  an  elevated  ridge, 
encircling  the  valley  shown  in  the  plan;  the  fine  black 
lines  are  contour-lines,  indicating  that  the  ground  over 
which  they  pass  is  at  the  altitude  above  some  known 
mark  expressed  by  the  figures  written  against  them  in  the 
margin.  It  will  be  observed  that  these  lines,  by  their 
greater  or  less  distance,  have  the  effect  of  shading,  and 
make  apparent  to  the  eye,  the  undulations  and  irregu- 
larities in  the  surface  of  the  country. 

In  laying  out  a  line  of  road,  there  are  three  cases  which 
may  have  to  be  treated,  and  each  of  these  is  exemplified  in 
the  plan,  Fig.  16.  First,  the  two  places  to  be  connected,  as 
the  towns  a  and  b  on  the  plan,  may  be  both  situated  in  the 
same  valley,  and  upon  the  same  side  of  it ;  that  is,  that 
they  are  not  separated  from  each  other  by  the  main  stream 
which  drains  the  valley.  This  is  the  simplest  case.  Secondly, 
although  both  in  the  same  valley,  the  two  places  may  be 
on  the  opposite  sides  of  the  valley,  as  at  a  and  c,  being 
separated  by  the  main  river.  Thirdly,  they  may  be  situ- 
ated in  different  valleys,  separated  by  an  intervening  ridge 
of  ground  more  or  less  elevated,  as  at  a  and  d.  In  laying 
out  an  extensive  line  of  road,  it  frequently  happens  that  all 
these  cases  have  to  be  dealt  with :  frequently,  perhaps, 
during  its  course. 

The  most  perfect  road  is  that  of  which  the  course  is 
perfectly  straight,  and  the  surface  perfectly  level ;  and,  all 
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Fig,  16.— Contour  Plan  of  a  Tract  of  Country. 
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other  things  being  the  same,  that  is  the  best  road  which 
answers  nearest  to  this  description. 

Now,  in  the  first  case : — That  of  the  two  towns  situated 
on  the  same  side  of  the  main  valley,  there  are  two  methods 
which  may  be  pursued  in  forming  a  communication  be- 
tween them.  A  road  following  the  direct  line  between 
them,  shown  by  the  thick  dotted  line  a  b  may  be  made ;  or, 
a  line  may  be  adopted  which  should  gradually  and  equally 
incline  from  one  town  to  the  other,  supposing  them  to  be 
at  different  levels,  or  which  should  keep,  if  they  are  on  the 
same  level,  at  that  level  throughout  its  entire  course,  fol- 
lowing all  the  sinuosities  and  curves  which  the  irregular 
formation  of  the  country  might  render  necessary  for  the 
fulfilment  of  these  conditions.  According  to  the  first 
method,  a  level  or  a  uniformly-inclined  road  might  be  made 
from  one  to  the  other,  forming  embankments  and  cuttings 
where  necessary ;  or  these  expensive  works  might  be 
avoided,  and  the  surface  of  the  road  made  to  conform  to 
that  of  the  country.  Now,  of  all  these,  the  best  is  the 
straight  and  uniformly-inclined,  or  the  level  road,  although 
at  the  same  time  it  is  the  most  expensive.  If  the  importance 
of  the  trafiic  passing  between  the  places  is  not  suffi- 
cient to  warrant  so  great  an  outlay,  it  will  become  a  matter 
of  consideration  whether  the  course  of  the  road  should  be 
kept  straight,  its  surface  being  made  to  undulate  with  the 
natural  face  of  the  country ;  or  whether,  a  level  or  equally- 
inclined  line  being  adopted,  the  course  of  the  road  should 
be  made  to  deviate  from  the  direct  line,  and  follow  the 
winding  course  which  such  a  condition  is  supposed  to 
necessitate. 

In  the  second  case,  that  of  two  places  situated  on  oppo- 
site sides  of  the  same  valley,  there  is,  in  like  manner,  the 
choice  of  a  perfectly  straight  line  to  connect  them,  which 
would  probably  require  a  heavy  embankment  if  the  road 
were  kept  level }  o-v  steep  inclines^  if  it  followed  the  &urface 


30  EXPLORATION   OF    ROADS. 

of  the  country  ;  or,  by  winding  the  road,  it  may  be  carried 
across  the  valley  at  a  higher  point,  where,  if  the  level  road 
were  taken,  the  embankment  would  not  be  so  high,  or,  if 
kept  on  the  surface,  the  inclination  would  be  reduced. 

In  the  third  case,  there  is,  in  like  manner,  the  alterna- 
tive of  carrying  the  road  across  the  intervening  ridge  in  a 
perfectly  straight  line,  or  of  deviating  it  to  the  right  or 
the  left,  and  crossing  at  a  point  where  the  ridge  is  less 
elevated. 

The  proper  determination  of  the  question,  which  of  these 
courses  is  the  best  under  certain  circumstances,  involves  a 
consideration  of  the  comparative  advantages  and  disad- 
vantages of  inclines  and  curves.  What  additional  increase 
in  the  length  of  a  road  would  be  equivalent  to  a  given  in- 
clined plane  upon  it ;  or,  conversely,  what  inclination  might 
be  given  to  a  road,  as  an  equivalent  to  a  given  decrease  in 
its  length  ?  To  satisfy  this  question,  it  is  requisite  to  know 
the  comparative  force  required  to  draw  diJfferent  vehicles 
with  given  loads  upon  level  and  upon  variously-inclined 
roads : — a  subject  which  is  treated  in  Chapter  III. 

In  laying  out  a  new  line  of  road,  the  first  proceeding  is 
usually,  after  a  general  examination  of  the  country,  to  lay 
down  one  or  more  lines  upon  the  best  map  which  can  be 
procured.  On  a  contour-map  of  the  district,  this  proceed- 
ing is  greatly  facilitated.  The  next  step  is  to  make  an 
accurate  survey  of  the  lands  through  which  the  several 
lines  sketched  out  pass,  which  should  be  plotted  to  such  a 
scale  as  will  admit  of  the  smallest  features  being  shown  with 
sufficient  accuracy  and  distinctness.  A  scale  of  ten  chains 
to  the  inch,  for  the  open  country,  with  enlarged  plans  of 
towns  and  villages  upon  a  scale  of  three  chains  to  the  inch, 
is  generally  found  to  be  sufficient.  Careful  levels  should 
also  be  taken  along  the  course  of  each  line ;  and  at  suitable 
distances,  depending  upon  the  nature  of  the  country,  lines 
of  levels  should  be  taken  at  right  angles  to  the  originiU 
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line.  In  taking  these  levels,  the  heights  of  all  existing 
roads,  rivers,  streams,  or  canals  should  be  noted;  lench- 
marJcs  should  be  left  at  least  every  half-mile,  that  is,  marks 
made  on  any  fixed  object,  such  as  a  gate-post,  or  the  side 
of  a  house  or  barn,  the  exact  height  of  which  is  ascertained, 
and  registered  in  the  level-book.  The  bench-marks  are 
useful  in  case  of  deviations  being  made  in  any  portion  of 
the  lines,  for  the  levels  may  be  taken  direct  from  the  bench- 
marks, thus  obviating  the  necessity  of  again  levelling 
other  parts  of  the  line.  A  section  should  be  formed 
from  the  levels,  to  the  same  horizontal  scale  as  the  general 
plan,  with  such  a  vertical  scale  as  will  show  with  distinct- 
ness the  inequalities  of  the  ground.  If  the  horizontal 
scale  is  ten  chains  to  the  inch,  the  vertical  scale  may  be 
20  feet  to  the  inch. 

Apian  of  this  kind  is  exemplified  in  Fig.  17,  plotted  to  a 
scale  of  ten  chains  to  the  inch,  showing  a  district  through 
which  a  road  is  to  be  constructed.  One  line  is  shown  run- 
ning nearly  straight  across  the  plan,  together  with  a  devia- 
tion therefrom,  which,  although  of  greater  length,  would 
run  on  more  favourable  ground.  The  sections.  Figs.  18  and 
19,  show  the  levels  of  the  surface  of  the  ground  on  the 
straight  line,  and  on  the  deviation  from  it  respectively. 
The  required  information  is  given  on  the  plans,  for  enabling 
the  engineer  to  lay  down  the  course  of  the  road,  and  to 
arrange  the  position  and  dimensions  of  the  culverts,  bridges, 
and  other  works  necessary  in  its  construction. 

It  is  shown  in  Fig.  17  that  the  straight  line  crosses  a 
stream  at  b,  and  the  river  twice  at  o  and  d  ;  and  also  that 
it  must  pass  from  b  to  E,  over  a  swamp  or  morass  of  such 
a  nature  that,  if  a  solid  embankment  be  formed,  it  is  pro- 
bable that  a  very  large  quantity  of  earth  would  be  absorbed 
beyond  what  is  indicated  in  the  section.  It  would,  in 
addition,  be  necessary  to  form  bridges  with  several  capa- 
cious openings  at  the  points  where  the  intended  road  would 
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cross  the  river,  since  the  river  would  be  liable  to  be  flooded. 
Such,  disadvantages  attending  the  more  obvious  route,  would 
induce  the  engineer  to  sketch  out  some  other  line,  by  which 
they  would  be  avoided.  He  would  have  the  levels  taken, 
with  other  needful  information,  to  enable  him  to  choose 
between  the  two  routes. 

The  manner  in  which  the  sections  should  be  drawn,  and 
the  nature  of  the  information  to  be  given  upon  them,  are 
exemplified  in  Figs.  18  and  19.  In  addition,  data  of  the  fol- 
lowing character  should  be  obtained,  and  should  be  entered 
either  in  the  survey  field-book,  or  in  the  level-book. 

At  the  point  b,  fig.  17,  the  line  crosses  a  stream  8  feet  in  width 
and  1  foot  deep  ;  in  flood,  this  stream  brings  down  a  considerable 
quantity  of  water. 

At  the  point  c  on  the  section,  the  river  is  much  narrower  and 
is  not  so  deep  as  at  other  places,  in  consequence  of  a  great  por- 
tion of  its  waters  finding  a  passage  through  the  marshy  ground 
on  either  side.  Its  width  is  16  feet,  and  its  depth  2  feet;  the 
velocity  of  the  current  is  95  feet  per  minute ;  the  height  of  its 
surface  at  the  present  time  is  30'10  feet  above  the  datum;  and 
the  angle  of  skew  which  the  course  of  the  stream  makes  with  the 
line  of  the  road  is  62  degrees. 

At  the  point  d  the  river  is  27  feet  wide,  and  2|  feet  in  depth ; 
its  velocity  87  feet  per  minute ;  the  height  of  its  surface  above 
the  datum  29-96  feet ;  and  the  angle  of  skew  49  degrees. 

The  ground  from  b  to  e  is  of  a  very  soft,  boggy  nature,  and 
full  of  water. 

The  height  to  which  the  river  has  risen  during  the  highest 
flood  known,  at  the  bridge  at  r  on  the  plan,  is  35  feet  above  the 
datum;  the  water-way  at  that  time  was  90  feet,  and  the  sec- 
tional area  of  the  opening  through  which  the  water  then  flowed 
was  550  square  feet.  The  same  flood  at  the  lower  bridge,  at  g  on 
the  plan,  was  35*3  feet  above  the  datum;  the  water-way  was 
102  feet,  and  the  sectional  area  nearly  600  square  feet. 

The  deviation-line  only  crosses  one  stream,  at  m,  on  the  plan 
and  the  section.  The  width  of  this  stream  at  present  is  15  feet, 
and  its  depth  1 8  inches ;  but  in  times  of  flood  it  rises  to  the  same 
height  as  the  river,  and  brings  down  a  large  body  of  water.  The 
height  of  its  surface  at  present  above  the  datum  is  31-26  feet,  and 
the  angle  which  its  course  makes  with  the  line  of  road  is  85 
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Fig.  18— Laying  out  a  new  Road.    Section. 
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The  information  relative  to  the  rivers  crossed,  such  as  is 
given  above,  should  always  be  obtained,  in  order  that  the 
bridges  constructed  over  them  may  be  adequate  for  the 
passage  of  the  water  brought  down  in  time  of  floods. 

A  cross  section  should  be  taken  of  each  of  the  existing 
roads,  near  their  junctions  with  the  intended  road  ;  to 
show  to  what  extent,  if  any,  the  levels  of  the  existing 
roads  might  be  altered  to  suit  the  levels  of  the  proposed 
new  road. 

Laying  out  a  Road. — On  the  sections  Figs.  18  and  19  the 
line  of  the  road  is  to  be  laid  down ;  in  other  words,  the 
levels  at  which  it  shall  be  formed  are  to  be  determined. 
As  the  road  should  always  be  dry,  it  should  be  placed  at 
least  a  foot  above  the  level  of  the  flood ;  and  if  it  be  placed 
at  37*25  feet  above  the  datum,  which  is  the  height  of  the 
existing  road  at  i,  this  object  will  be  effected.  Drawing  a 
line  at  this  level  upon  the  section,  it  appears  that  an 
embankment  will  have  to  be  formed  across  the  valley 
from  the  road  at  i,  to  the  point  where  the  line  meets  the 
ground  at  k;  and  that  the  remainder  of  the  road  from  k 
to  H  will  be  in  a  cutting.  Now,  the  obvious  principle  in 
arranging  the  levels  of  a  road,  would  be  so  to  adjust  the 
cuttings  and  embankments  that  the  ground  taken  from  one 
should  form  the  other.  In  the  present  instance,  this  is 
impossible,  because  the  level  of  the  road  is  determined  by 
other  circumstances,  and  necessitates  the  formation  of  a 
very  long  embankment  with  but  very  little  cutting.  It 
therefore  becomes  necessary  that  ground  for  the  formation 
of  the  embankments  should  be  obtained  from  some  other 
source.  But,  in  order  to  produce  as  much  cutting  as 
possible,  the  line  should  be  kept  at  the  same  level  as 
before  until  it  becomes  necessary  to  raise  it  so  as  to  attain 
the  level  of  the  existing  road  at  h.  If  an  inclination  of  1 
in  50  be  given  to  this  last  part  of  the  road,  the  distance  at 
which  the  rise  will  commence  will  be  200  feet  from  h,  the 
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difference  of  level  being  4  feet.  There  is  therefore  to  be 
added  to  the  other  disadvantages  already  mentioned,  as 
belonging  to  the  straight  line  of  road,  that  of  the  formation 
of  a  large  embankment,  with  the  necessity  for  making  an 
excavation  in  some  other  place,  to  supply  the  earth  for  that 
purpose. 

Examine  the  section  of  the  deviation-line,  and  see  what 
improvement  can  be  thereby  effected.  The  level  of  the 
lowest  portion  of  the  road  must,  as  before,  be  placed  37-25 
feet  above  the  datum ;  and  if  a  line  be  drawn  at  that  level 
on  the  section.  Fig.  19,  it  will  be  found  that  the  quantity  of 
embankment  is  very  much  reduced,  compared  with  what 
would  be  required  for  the  straight  course,  and  that  there 
is  now  no  difficulty  in  adjusting  the  cutting  between  h  and 
L,  so  as  exactly  to  afford  the  amount  of  filling  required. 
A  few  trials  will  show  that,  if  the  line  be  kept  at  the  same 
level  until  within  sixteen  chains  of  the  point  h,  and  then 
carried  up  at  a  regular  inclination,  this  object  will  be 
effected,  and  that  the  quantities  of  cutting  and  embank- 
ment will  be  very  nearly  equal.  The  deviation-line  is, 
therefore,  the  line  which  the  engineer  would  select  as  the 
better  of  the  two.  Having  made  his  selection,  he  would 
proceed  to  mark  the  course  of  the  road  on  the  ground,  by 
driving  stakes  into  the  ground,  on  its  centre  line,  at  inter- 
vals of  one  chain-length,  or  66  feet.  In  the  next  place,  he 
would  take  very  careful  levels  of  the  ground  at  every  one 
of  these  points,  and  at  any  intermediate  point,  where  an 
undulation  or  change  of  level  occurred ;  and  wherever  the 
level  of  the  ground  varied  to  any  extent  in  a  direction  at 
right  angles  with  the  course  of  the  road,  he  would  take 
levels  from  which  he  would  make  transverse  or  cross 
sections  of  the  ground. 

From  these  levels  a  working  section  should  be  made,  to 
a  horizontal  scale  of  not  less  than  five  chains  to  the  inch, 
and  a  vertical  scale  of  20  feet  to  the  inch.     A  portion  of 
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the  section  plotted  to  these  scales  is  shown  in  Fig.  20  ; 
the  level  of  the  surface  of  the  ground  above  the  datum,  at 
every  chain-length,  at  the  points  where  stakes  have  been 
driven  into  the  ground,  should  be  figured-in  on  the  section, 
as  shown  in  the  column  A,  and  the  depth  of  cutting  or 
height  of  embankment,  at  the  same  points,  should  be  given 
in  another  column,  b.  The  entries  in  this  last  column 
are  obtained  by  taking  the  difference  between  the  level  of 
the  surface  of  the  ground  and  the  level  of  the  road.  It  will 
be  observed  that,  upon  the  section,  there  are  two  parallel 
lines  drawn  as  representing  the  line  of  road ;  the  upper 
line  is  intended  to  represent  the  upper  surface  of  the  road 
when  finished,  while  the  lower  thick  line  represents  what 
is  termed  ih.Q  formation-surface,  or  the  level  to  which  the 
surface  of  the  ground  is  to  be  formed,  to  receive  the  foun- 
dation of  the  road.  In  the  section,  the  formation-surface 
is  shown  15  inches  below  the  finished  surface  of  the  road  ; 
the  difference  of  level  is  therefore  the  thickness  of  the  road 
itself.  All  the  dimensions  on  the  section  are  understood 
to  refer  to  the  formation-level ;  and  the  height  of  the  latter 
above  the  datum  should  be  figured-in  wherever  a  change 
in  its  rate  of  inclination  takes  place,  and  should  be  marked 
by  a  stronger  vertical  line,  as  shown  at  a 
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CHAFJCEE  n. 

CONSTRUCTION  OF  EOADS :  EARTHWORK  AND 
DRAINAGE. 

Earthworh. — ^This  term  is  applied  to  whatever  relates  to 
the  construction  of  the  excavations  and  the  embankments, 
to  prepare  them  for  receiving  the  road-covering. 

When  the  cuttings  are  of  considerable  depth,  trial  pits 
should  be  sunk  at  intervals  of  about  ten  chains,  to  the 
depth  of  the  intended  cutting,  for  the  purpose  of  ascertain- 
ing the  nature  of  the  ground,  and  determining  the  slopes 
at  which  the  sides  of  the  cutting  would  safely  stand,  as 
well  as  the  slope  at  which  the  same  earth  would  stand 
when  formed  into  the  embankments.  The  cuttings  and 
embankments  should  be  numbered  on  the  section,  and  the 
slopes  intended  to  be  given  to  each  should  be  stated  upon 
the  section.  The  contents  of  a  cutting  or  an  embankment, 
that  is,  the  number  of  cubic  yards  which  will  have  to  be 
moved  for  its  formation,  with  the  intended  slope,  should 
then  be  calculated  and  stated  upon  the  section.  The  man- 
ner of  calculating  these  quantities  will  be  explained  in  a 
subsequent  chapter. 

Wherever  rivers  or  streams  are  crossed,  bridges  or  cul- 
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verts  must  be  introduced ;  detail  drawings  of  these  should 
be  prepared,  and  reference  should  be  made  to  them  on  the 
working  section. 

A  working  plan  should  be  constructed,  on  the  same 
horizontal  scale  as  the  section,  upon  which  the  positions 
of  the  centre  stakes  should  be  shown ;  and  on  this  plan 
the  road  should  be  drawn  to  its  correct  width  at  the  upper 
surface,  with  other  lines  showing  the  feet  of  the  slopes. 
The  stakes  should  be  numbered  consecutively  on  the  plan, 
to  facilitate  reference  to  any  part  of  the  line,  and  the  width 
of  land  required  at  every  stake  should  be  calculated  in  the 
manner  about  to  be  described,  and  entered  in  a  table,  from 
which  the  width  of  land  required  for  the  purpose  of  the 
road  may  be  ascertained  at  every  chain.  Suppose  that,  in 
the  present  instance,  the  finished  width  of  the  road  itseK 
is  to  be  40  ft.,  and  that  an  additional  6  ft.  will  be  required 
on  each  side  for  the  ditch  and  bank,  the  half  width  of  the 
road  without  any  slopes,  or  where  the  road  is  on  the  same 
level  as  the  ground,  would  be  26  ft.  ;  and  it  may  be 
observed  in  the  following  table,  wherever  there  is  no  cut- 
ting or  embankments  (as  at  stakes  Nos.  1  and  30),  this  is 
the  width  given  in  the  fourth  column.  To  find  the  heights 
at  the  other  stakes,  the  product  of  the  height  of  embank- 
ment or  depth  of  cutting  (as  the  case  may  be)  by  the  ratio 
of  the  slope  is  to  be  added  to  the  half  width,  26  ft.  Thus, 
in  the  first  cutting,  the  ratio  of  the  slopes  being,  as  stated 
on  the  section,  1  to  1,  there  is  simply  to  add  the  depths  of 
the  cutting  at  each  stake  to  26  ft.,  and  the  numbers  given 
in  the  fourth  column  are  obtained.  After  the  21st  stake, 
the  cutting  terminates,  and  the  ratio  of  the  slopes  then 
becomes  H  to  1,  and  an  addition  of  one  and  a  half  times 
the  height  of  the  embankment  is  to  be  made  to  the  normal 
half  width,  26  ft.,  to  give  the  remaining  values  in  the 
fourth  column  of  the  table. 
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After  ascertaining  the  half  widths  as  shown  in  the  table 
No.  2,  the  next  operation  is  to  set  out  the  widths  on  the 
ground,  driving  in  another  stake  at  every  chain-length,  at 
the  correct  distance  on  each  side  of  the  centre  stake.  A 
grip  about  4  or  5  in.  wide  should  then  be  cut  from  stake 
to  stake,  so  as  to  mark  both  the  centre  and  sides  of  the 
road  upon  the  ground  by  a  continuous  line.  The  side 
lines  thus  set  out,  it  must  be  remembered,  are  not  the  foot 
of  the  slopes,  but  they  include  6  ft.  on  each  side  for  a  bank 
and  a  ditch.  Another  stake  should  therefore  be  driven  at 
every  chain-length,  6  ft.  within  the  outer  stakes  on  each 
side,  and  another  grip  cut  to  mark  the  foot  of  the  slopes. 

A  strong  post  should  next  be  fixed  into  the  ground, 


*  The  slopes  here  change  from  1  to  1,  to  1|  to  1. 
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Upon  the  centre  line,  wherever  a  change  in  the  inclination 
of  the  road  takes  place  (as  at  the  17th  stake  in  the  present 
instance),  upon  which  a  cross  piece  should  be  placed  at  the 
intended  height  of  the  formation-surface  of  the  road,  and 
intermediate  heights  should  be  put  up  at  such  distances  as 
will  enable  the  workmen  to  keep  the  embankments  to  their 
proper  level.  For  cuttings,  pits  must  be  sunk  correspond- 
ingly, at  certain  intervals,  to  the  depth  of  the  formation- 
surface,  to  serve  as  guides  to  the  excavators  in  forming 
the  cutting. 

In  the  foregoing  example,  the  slopes  have  been  taken 
at  ratios  of  1  to  1,  and  H  to  1 ;  but  it  should  be  remem- 
bered that  the  inclination  of  the  side  slopes  demands 
peculiar  attention.  The  proper  inclination  depends  on  the 
nature  of  the  soil,  and  the  action  of  the  atmosphere  and 
of  internal  moisture  upon  it.  "In  common  soils,  as  or- 
dinary garden- earth  formed  of  a  mixture  of  clay  and 
sand,  compact  clay,  and  compact  stony  soils,  although 
the  side  slopes  would  withstand  very  well  the  effects  of 
the  weather  with  a  steeper  inclination,  it  is  best  to  give 
them  two  base  to  one  perpendicular ;  as  the  surface  of 
the  roadway  will,  by  this  arrangement,  be  well  exposed 
to  the  action  of  the  sun  and  air,  which  will  cause  a 
rapid  evaporation  of  the  moisture  on  the  surface.  Pure 
sand  and  gravel  may  require  a  greater  slope,  according 
to  circumstances.  In  all  cases  where  the  depth  of  the 
excavation  is  great,  the  base  of  the  slope  should  be  in- 
creased. It  is  not  usual  to  use  any  artificial  means  to 
protect  the  surface  of  the  side  slopes  from  the  action  of 
the  weather ;  but  it  is  a  precaution  which,  in  the  end,  will 
save  much  labour  and  expense  in  keeping  the  roadway  in 
good  order.  The  simplest  means  which  can  be  used  for 
this  purpose,  consist  in  covering  the  slopes  with  good  sods, 
or  else  with  a  layer  of  vegetable  mould  about  4  inches 
thick,  carefully  laid  and  sown  with  grass  seed.      These 
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means  are  amply  sufficient  to  protect  the  side  slopes  from 
injury  when  they  are  not  exposed  to  any  other  causes  of 
deterioration  than  the  wash  of  the  rain,  and  the  action  of 
frost  on  the  ordinary  moisture  retained  by  the  soil. 

"The  side  slopes  form  usually  an  unbroken  surface  from 
the  foot  to  the  top.  But  in  deep  excavations,  and  particu- 
larly in  soils  liable  to  slips,  they  are  sometimes  formed 
with  horizontal  offsets,  termed  henches,  which  are  made  a 
few  feet  wide,  and  have  a  ditch  on  the  inner  side  to  receive 
the  surface-water  from  the  portion  of  the  side  slope  above 
them.  These  benches  catch  and  retain  the  earth  that  niay 
fall  from  the  portion  of  the  side  slope  above. 

''When  the  side  slopes  are  not  protected,  it  will  be  well, 
in  localities  where  stone  is  plenty,  to  raise  a  small  wall  of 
dry  stone  at  the  foot  of  the  slopes,  to  prevent  the  wash  of 
the  slopes  from  being  carried  into  the  roadway. 

"A  covering  of  brush-wood,  or  a  thatch  of  straw,  may 
also  be  used  with  good  effect ;  but,  from  their  perish- 
able nature,  they  will  require  frequent  renewal  and 
repairs. 

' '  In  excavations  through  solid  rock,  which  does  not 
disintegrate  on  exposure  to  the  atmosphere,  the  sides 
might  be  made  perpendicular ;  but  as  this  would  exclude, 
in  a  great  degree,  the  action  of  the  sun  and  air,  which  is 
essential  to  keeping  the  road-surface  dry  and  in  good  order, 
it  is  necessary  to  make  the  side  slopes  with  an  inclination, 
varying  from  one  base  to  one  perpendicular,  to  one  base 
to  two  perpendicular,  or  even  greater,  according  to  the 
locality : — the  inclination  of  the  slope  on  the  south  side  in 
northern  latitudes  being  the  greater,  to  expose  better  the 
road-surface  to  the  sun's  rays. 

* '  The  slaty  rocks  generally  decompose  rapidly  on  the  sur- 
face, when  exposed  to  moisture  and  the  action  of  frost. 
The  side  slopes  in  rocks  of  this  character  may  be  cut  into 
steps,  and  then  be  covered  by  a  layer  of  vegetable  mould 
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sown  in  grass  seed,  or  else  tlie  earth,  may  be  sodded  in  the 
usual  way. 

*'The  stratified  soils  and  rocks,  in  which  the  strata  have 
a  dip,  or  inclination  to  the  horizon,  are  liable  to  sli'ps,  or 
to  give  way,  by  one  stratum  becoming  detached  and  sliding 
on  another  ;  which  is  caused  either  from  the  action  of  frost, 
or  from  the  pressure  of  water,  which  insinuates  itself 
between  the  strata.  The  worst  soils  of  this  character  are 
those  formed  of  alternate  strata  of  clay  and  sand ;  particu- 
larly if  the  clay  is  of  a  nature  to  become  semi-fluid  when 
mixed  with  water.  The  best  preventives  that  can  be  re- 
sorted to  in  these  cases  are,  to  adopt  a  system  of  thorough 
drainage,  to  prevent  the  surface-water  of  the  ground  from 
running  down  the  side  slopes,  and  to  cut  off  all  springs 
which  run  towards  the  roadway  from  the  side  slopes.  The 
surface-water  may  be  cut  off  by  means  of  a  single  ditch 
made  on  the  up-hill  side  of  the  road,  to  catch  the  water 
before  it  reaches  the  slope  of  the  excavation,  and  convey 
it  off  to  the  most  convenient  natural  water-courses  ;  for,  in 
almost  every  case,  it  will  be  found  that  the  side  slope  on 
the  down-hill  side  is,  comparatively  speaking,  but  slightly 
affected  by  the  surface-water. 

"Where  slips  occur  from  the  action  of  springs,  it  fre- 
quently become  a  very  difficult  task  to  secure  the  side 
slopes.  If  the  sources  can  be  easily  reached  by  excavating 
into  the  side  slopes,  drains  formed  of  layers  of  fascines,  or 
brush-wood,  may  be  placed  to  give  an  outlet  to  the  water, 
and  prevent  its  action  upon  the  side  slopes.  The  fascines 
may  be  covered  on  top  with  good  sods  laid  with  the  grass 
side  beneath,  and  the  excavation  made  to  place  the  drain 
be  filled  in  with  good  earth  well  rammed.  Drains  formed 
of  broken  stone,  covered  in  like  manner  on  top  with  a 
layer  of  sod  to  prevent  the  drain  from  becoming  choked 
with  earth,  may  be  used  under  the  same  circumstances  as 
fascine  drains.     Where  the  sources  are  not  isolated,  and 
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the  whole  mass  of  the  soil  forming  the  side  slopes  appears 
saturated,  the  drainage  may  be  effected  by  excavating 
trenches  a  few  feet  wide  at  intervals  to  the  depth  of  some 
feet  into  the  side  slopes,  and  filling  them  with  broken 
stone,  or  else  a  general  drain  of  broken  stone  may  be  made 
throughout  the  whole  extent  of  the  side  slope  by  excava- 
ting into  it.  When  this  is  deemed  necessary,  it  will  be 
well  to  arrange  the  drain  like  an  inclined  retaining-wall, 
with  buttresses  at  intervals  projecting  into  the  earth 
further  than  the  general  mass  of  the  drain.  The  front 
face  of  the  drain  should,  in  this  case,  also  be  covered  with 
a  layer  of  sods  with  the  grass  side  beneath,  and  upon  this 
a  layer  of  good  earth  should  be  compactly  laid  to  form  the 
face  of  the  side  slopes.  The  drain  need  only  be  carried 
high  enough  above  the  foot  of  the  side  slope  to  tap  all  the 
sources ;  and  it  should  be  sunk  sufficiently  below  the  road- 
way surface  to  give  it  a  secure  footing. 
''The  drainage  has  been  effected,  in  some  cases,  by  sink- 
ing wells  or  shafts  at  some  distance  behind  the  side  slopes, 
from  the  top  surface  to  the  level  of  the  bottom  of  the  ex- 
cavation, and  leading  the  water  which  collects  in  them,  by 
pipes,  into  drains  at  the  foot  of  the  side  slopes.  In  others, 
a  narrow  trench  has  been  excavated,  parallel  to  the  axis  of 
the  road,  from  the  top  surface  to  a  sufficient  depth  to  tap 
all  the  sources  which  flow  towards  the  side  slope,  and  a 
drain  formed  either  by  filling  the  trench  wholly  with 
broken  stone,  or  else  by  arranging  an  open  conduit  at  the 
bottom  to  receive  the  water  collected,  over  which  a  layer 
of  brush-wood  is  laid,  the  remainder  of  the  trench  being 
filled  with  broken  stone."* 

In  some  instances,  the  side  slopes  of  very  bad  soils 
have  been  secured  by  a  facing  of  brick  arranged  in  a 
manner  very  similar  to  the  method  resorted  to  for  securing 
the  perpendicular  sides  of  narrow  deep  trenches  by  a 
timber-facing.     The  plan  pursued  is,  to  place,  at  intervals 

♦  "A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2nd  edition, 
page  411. 
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along  the  exoavation,  strong  buttresses  of  brick  on  eacli 
side,  opposite  to  eacb  other,  and  to  connect  them  at  bottom 
by  a  reversed  arch.  Between  these  buttresses  are  placed, 
at  suitable  heights,  one  or  more  brick  beams,  formed  at 
bottom  with  a  flat  segment  arch,  and  at  top  with  a  like 
arch  inverted.  The  buttresses,  secured  in  this  way,  serve 
as  piers  for  vertical  cylindrical  arches,  which  form  the 
facing  and  support  the  pressure  of  the  earth  between  the 
buttresses. 

*'  In  forming  the  embankments  the  side  slopes  should  be 
made  with  a  greater  inclination  than  that  which  the  earth 
naturally  assumes  ;  for  the  purpose  of  giving  them  greater 
durability,  and  to  prevent  the  width  of  the  top  surface, 
along  which  the  roadway  is  made,  from  diminishing  by 
every  change  in  the  side  slopes,  as  it  would  were  they 
made  with  the  natural  slope.  To  protect  the  side  slopes 
more  effectually,  they  should  be  sodded,  or  sown  in 
grass  seed;  and  the  surface-water  of  the  top  should 
not  be  allowed  to  run  down  them,  as  it  would  soon 
wash  them  into  gullies,  and  destroy  the  embankment. 
In  localities  where  stone  is  plentiful,  a  sustaining  wall  of 
dry  stone  may  be  advantageously  substituted  for  the  side 


*'To  prevent,  as  far  as  possible,  the  settling  which  takes 
place  in  embankments,  they  should  be  formed  with  great 
care ;  the  earth  being  laid  in  successive  layers  of  about 
four  feet  in  thickness,  and  each  layer  well  settled  with 
rammers.  As  this  method  is  very  expensive,  it  is  seldom 
resorted  to  except  in  works  which  require  great  care,  and 
are  of  trifling  extent.  For  extensive  works,  the  method 
usually  followed,  on  account  of  economy,  is  to  embank  out 
from  one  end,  carrying  forward  the  work  on  a  level  with 
the  top  surface.  In  this  case,  as  there  must  be  a  want  of 
compactness  in  the  mass,  it  would  be  best  to  form  the 
outsides  of  the  embankment  first,  and  to  gradually  fill  in 
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towards  the  centre,  in  order  that  the  earth  may  arrange 
itself  in  layers  with  a  dip  from  the  sides  inwards ; 
this  will  in  a  great  measure  counteract  any  tendency  to 
slips  outward.  The  foot  of  the  slopes  should  be  secured 
by  buttressing  them  either  by  a  low  stone  wall,  or  by 
forming  a  slight  excavation  for  the  same  purpose."*' 

''In  some  cases  surface  drains,  termed  catch-water  drains, 
are  made  on  the  side  slopes  of  cuttings.  They  are  run  up 
obliquely  along  the  surface,  and  empty  directly  into  the 
cross  drains  which  convey  the  water  into  the  natural  water- 
courses. 

When  the  roadway  is  in  side-forming,  cross  drains  of 
the  ordinary  form  of  culverts  are  made,  to  convey  the 
water  from  the  side  channels  and  the  covered  drains  into 
the  natural  water-courses.  They  should  be  of  sufficient 
dimensions  to  convey  off  a  large  volume  of  water,  and  to 
admit  a  man  to  pass  through  them,  so  that  they  may  be 
readily  cleared  out,  or  even  repaired,  without  breaking  up 
the  roadway  over  them. 

"The  only  drains  required  for  embankments  are  the  ordi- 
nary side  channels  of  the  roadway,  with  occasional  culverts 
to  convey  the  water  from  them  into  the  natural  water- 
courses. Great  care  should  be  taken  to  prevent  the  sur- 
face-water from  running  down  the  side  slopes,  as  they 
would  soon  be  washed  into  gullies  by  it. 

''When  the  axis  of  the  roadway  is  laid  out  on  the  side 
slope  of  a  hill,  and  the  road-surface  is  formed  partly  by 
excavating  and  partly  by  embanking  out,  the  usual  and 
most  simple  method  is  to  extend  out  the  embankment 
gradually  along  the  whole  line  of  excavation.  This  method 
is  insecure,  and  no  pains  therefore  should  be  spared  to  give 
the  embankment  a  good  footing  on  the  natural  surface 
upon  which  it  rests,  particularly  at  the  foot  of  the  slope. 
For  this  purpose  the  natural  surface  should  be  cut  into 
steps,  or  offsets,  and  the  foot  of  the  slope  be  secured  by 

*  "A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2nd  edition, 
page  414. 
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buttressing  it  against  a  low  stone  wall,  or  a  small  terrace 
of  carefully  rammed  earth. 

''In  side-formings  along  a  natural  surface  of  great  incli- 
nation, the  method  of  construction  just  explained  will  not 
be  sufficiently  secure ;  sustaining-walls  must  be  substituted 
for  the  side  slopes,  both  of  the  excavations  and  embank- 
ments. These  walls  may  be  made  simply  of  dry  stone, 
when  the  stone  can  be  procured  in  blocks  of  sufficient  size 
to  render  this  kind  of  construction  of  sufficient  stability  to 
resist  the  pressure  of  the  earth.  But  when  the  blocks  of 
stone  do  not  offer  this  security,  they  must  be  laid  in  mortar, 
and  hydraulic  mortar  is  the  only  kind  which  will  form  a 
safe  construction.  The  wall  which  supplies  the  slope  of 
the  excavation  should  be  carried  up  as  high  as  the  natural 
surface  of  the  ground ;  the  one  that  .sustains  the  embank- 
ment should  be  built  up  to  the  surface  of  the  roadway ;  and 
a  parapet-wall  should  be  raised  upon  it,  to  secure  vehicles 
from  accidents  in  deviating  from  the  line  of  the  roadway. 

''A  road  may  be  constructed  partly  in  excavation  and 
partly  in  embankment  along  a  rocky  ledge,  by  blasting  the 
rock,  when  the  inclination  of  the  natural  surface  is  not 
greater  than  one  perpendicular  to  two  base ;  but  with 
a  greater  inclination  than  this,  the  whole  should  be  in 
excavation. 

''There  are  examples  of  road  constructions,  in  localities 
like  the  last,  supported  on  a  frame-work,  consisting  of 
horizontal  pieces,  which  are  firmly  fixed  at  one  end  by 
being  let  into  holes  drilled  in  the  rock,  and  are  sustained 
at  the  other  by  an  inclined  strut  underneath,  which  rests 
against  the  rock  in  a  shoulder  formed  to  receive  it. 

"When  the  excavations  do  not  furnish  sufficient  earth  for 
the  embankments,  it  is  obtained  from  excavations  termed 

side-cuttings,  made  at  some  place  in  the  vicinity  of  the 
embankment,  from  which  the  earth  can  be  obtained  with 
the  most  economy. 

D 
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*'lf  the  excavations  furnisli  more  earth,  than  is  required 
for  the  embankment,  it  is  deposited  in  what  is  termed  a 
spoil-hanh,  on  the  side  of  the  excavation.  The  spoil-bank 
should  be  made  at  some  distance  back  from  the  side  slope 
of  the  excavation,  and  on  the  down-hill  side  of  the  top- 
surface  ;  and  suitable  drains  should  be  arranged  to  carry 
off  any  water  that  might  collect  near  it  and  affect  the  side 
slope  of  the  excavation. 

''The  forms  to  be  given  to  side-cuttings  and  spoil-banks 
will  depend,  in  a  great  degree,  upon  the  locality;  they 
should,  as  far  as  practicable,  be  such  that  the  cost  of 
xemoval  of  the  earth  shall  be  the  least  possible."* 

*  "A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2nd  edition, 
page  415. 
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RESISTANCE  TO  TEACTION  ON  COMMON  ROADS. 

The  following  are  the  general  results  of  the  experiments 
made  by  M.  Morin  upon  the  resistance  to  the  traction  of 
vehicles  on  common  roads : — 

1st.  The  resistance  to  traction  is  directly  proportional 
to  the  load,  and  inversely  proportional  to  the  diameter  of 
the  wheel. 

2nd.  Upon  a  paved  or  a  hard  macadamized  road  the 
resistance  is  independent  of  the  width  of  the  tire,  when 
this  quantity  exceeds  from  3  to  4  inches. 

3rd.  At  a  walking  pace,  the  resistance  to  traction  is  the 
same,  under  the  same  circumstances,  for  carriages  with 
springs  and  for  carriages  without  springs. 

4th.  Upon  hard  macadamized  roads  and  upon  paved 
roads,  the  resistance  to  traction  increases  with  the  velocity : 
the  increments  of  traction  being  directly  proportional  to 
the  increments  of  velocity  above  the  velocity  3-28  feet  per 
second,  or  about  2^  miles  per  hour.  The  equal  increments 
of  traction  thus  due  to  equal  increments  of  velocity,  are 
less  as  the  road  is  smoother,  and  as  the  carriage  is  less 
rigid  or  better  hung. 

5th.  Upon  soft  roads,  of  earth,  or  sand  or  turf,  or  roads 
fresh  and  thickly  gravelled,  the  resistance  to  traction  is 
independent  of  the  velocity. 

6th.  Upon  a  well-made  and  compact  pavement  of  hewn 
stones,  the  resistance  to  traction  at  a  walking  pace  is  not 
more  than  three-fourths  of  the  resistance  ui^on  the  best 
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macadamized  roads,  Tinder  similar  circumstances.  At  a 
trotting  pace,  the  resistances  are  equal. 

Vth.  The  destruction  of  the  road  is,  in  all  cases,  greater 
as  the  diameters  of  the  wheels  are  less,  and  it  is  greater 
in  carriages  without  than  with  springs. 

The  next  experiments  which  may  be  quoted,  are  those  of 
Sir  John  Macneil,*  made  with  an  instrument  invented  by 
him  for  the  purpose  of  measuring  the  tractive  force  required 
on  different  descriptions  of  road,  to  draw  a  wagon  weigh- 
ing 21  cwt.,  at  a  very  low  velocity.  The  general  results 
which  he  obtained  are  given  in  the  following  table : — 


Table  No.  3.— Eesults  of  Traction  Force  to 

DRAW  21 

CwT.    ON 

A  Level. 

(Sir  John  Macneil.) 

Description  of  road. 

Total  trac 
live  force. 

Tractive 

force  per 

ton. 

lbs. 

lbs. 

1    On  a  well-made  pavement • 

33 

31-4 

2.  On  a  road  made  with  six  inches  of  broken  \ 

stone  of  great  hardness,  laid  either  on  a 

foundation  of  large  stones,  set  in  the  form  of 
apavement,  or  upon  a  bottoming  of  concrete  J 

3.  On  an  old  flint  road,  or  a  road  made  wilh  a  ) 

thick  coating  of  broken  stone  laid  on  earth  ) 

4.  On  a  road  made  with  a  thick  coating  of  J 

gravel  laid  on  earth   ) 

4G 

44 

65 

62 

147 

140 

Sir  John  Macneil  has  also  given  the  following  arbitrary 
formulae,!  for  calculating  the  resistance  to  traction  on  level 
roads  of  various  kinds.  They  have  been  deduced  from  a 
considerable  number  of  experiments  made  on  the  different 
kinds  of  road  specified  below,  with  carriages  moving  at 
various  velocities.  Putting  n  for  the  force  required  to 
move  the  carriage,  w  the  weight  of  the  carriage,  w  that  of 
the  load,  all  expressed  in  pounds,  v  the  velocity  in  feet  per 
second,  and  e  a  constant  number,  which  depends  upon  the 
•  Sir  H.  PameU  on  Roads,  p.  73.  t  Ibid.,  p.  464. 
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nature  of  tlie  surface  over  which,  the  carriage  is  drawn, 

and  the  value  of  which  for  several  different  kinds  of  road 

is  as  follows : — 

On  a  timber  surface  .... 

On  a  paved  road      ..... 
On  a  well-niade  broken  stone  road,  in  a  dry  clean  state 
"  On  a  well-made  broken  stone  road,  covered  with  dust 
On  a  well-made  broken  stone  road,  wet  and  muddy 
On  a  gravel  or  flint  road,  in  a  dry  clean  state 
On  a  gravel  or  flint  road,  ia  a  wet  and  muddy  state 

Stage  wagon,  ^=~^ ^  40  "^  ^^      '     * 

Stage  coach,    e  =  ^^  "^  4^0  "^  ^^      *     ' 

EuLE  1. — Divide  the  gross  weight  of  the  carriage  when 
loaded,  in  pounds,  by  93  if  a  wagon,  or  by  100  if  a  coach, 
and  to  the  quotient  add  one-fortieth  of  the  weight  of  the 
load  only ;  to  the  sum,  add  the  product  of  the  velocity  in 
feet  per  second,  by  the  proper  constant  for  the  particular 
kind  of  road.  The  sum  is  the  force  in  pounds  required  to 
draw  the  carriage  at  the  given  velocity  upon  that  descrip- 
tion of  road. 

For  example :  What  force  would  be  requisite  to  move  a 
etage-coach  weighing  2,060  lbs.,  and  having  a  load  of 
1,100  lbs.,  at  a  velocity  of  9  ft.  per  second,  along  a  broken- 
stone  road  covered  with  dust  ?     By  the  rule, 

2060^+1100  +   1100  ,.^  ;^^_ 

100  40  ' 

the  force  required. 

To  consider,  next,  the  additional  resistance  which  is 
occasioned  when  the  road,  instead  of  being  level,  is  inclined 
against  the  load,  in  a  greater  or  less  degree.  In  order  to 
simplify  the  question,  suppose  the  whole  weight  to  be 
supported  on  one  pair  of  wheels,  and  that  the  tractive 
force  is  applied  in  a  direction  parallel  to  the  surface  of  the 
road.     Let  a  b,  Fig.  21,  represent  a  portion  of  an  inclined 
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road,  c  being  a  carriage  just  sustained  in  its  position  by  a 
force  acting  in  the  direction  c  d.     The  carriage  is  kept  in 
position  by  three  forces,  namely,    g       ^ 
by  its  own  weight  w,  acting  in  the 
vertical  direction  c  f,  by  the  force 
F,  applied  in  the  direction  c  d  pa- 
rallel to  the  surface  of  the  road, 
and  by  the  pressure  p,  which  is 
exerted   by  the  carriage  against   g  a 

the  surface  of  the  road    acting   in    ^ig.  21 —Gravity  on  an  inclined 

the   direction   c  e,    perpendicular  ^  ^^' 

to  the  surface.  To  determine  the  relative  magnitude 
of  these  three  forces,  draw  the  horizontal  line  A  G,  and 
the  vertical  line  b  g  ;  then,  since  the  two  lines  c  f  and 
B  G  are  parallel,  and  are  both  cut  by  the  line  a  b,  they 
must  make  the  two  angles  c  f  b  and  a  b  g  equal ;  also  the 
two  angles  c  e  f  and  a  g  b  are  equal,  being  both  right 
angles ;  therefore  the  remaining  angles  foe  and  bag  are 
equal,  and  the  two  triangles  c  f  e  and  a  b  g  are  similar. 
And  as  the  three  sides  of  the  triangle  c  f  e  are  proportional 
to  the  three  forces  by  which  the  carriage  is  sustained,  so 
also  are  the  three  sides  of  the  triangle  a  b  g  ;  that  is  to 
say,  A  B,  or  the  length  of  the  road  is  proportional  to  w,  or 
the  weight  of  the  carriage ;  b  g,  or  the  vertical  rise  is  pro- 
portional to  F,  or  the  force  required  to  sustain  the  carriage 
on  the  incline ;  and  A  g,  or  the  horizontal  distance  for  the 
rise  is  proportional  to  p,  or  the  force  with  which  the  car- 
riage presses  upon  the  surface  of  the  road. 
Therefore, 

w  :  A  b  :  :  F  :   g  b, 

and  w   I    A  B    ',   ',    p    ;     AG, 

And  if  A  G   be  made  of  such  a  length  that  the  vertical 

rise,  B  G,  of  the  road,  is  exactly  one  foot,  then, — 

w  w 

r  =  —  =  — =^=^  =  w  .  sin  ;8     .     .     .    (8.) 
AB         Vag'  +  1  ^ 
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andP  =  !Lli-«=-^^^  =  w.cos^    .    .     .    (4.) 

in  which.  /3  is  the  angle  bag. 

These  formulae  reduced  to  verbal  rules  are  as  follows : — 

Rule  2. — To  find  the  force  requisite  to  sustain  a  carriage 
upon  an  inclined  road  {the  effects  of  friction  being  neglected), 
divide  the  weight  of  the  carriage,  including  its  load,  bj'- 
the  inclined  length  of  the  road,  the  vertical  rise  of  which  is 
one  foot,  and  the  quotient  is  the  force  required. 

EuLE  3. — To  find  the  pressure  of  a  carriage  against  the  sur- 
face of  an  inclined  road,  multiply  the  weight  of  the  loaded 
carriage  by  the  horizontal  length  of  the  road,  and  divide 
the  product  by  the  inclined  length  of  the  same ;  the  quo  > 
tient  is  the  pressure  required. 

Example. — What  is  the  force  required  to  sustain  a  car- 
riage weighing  3,270  lbs.  upon  a  road,  the  inclination  of 
which  is  one  in  thirty,  and  what  is  the  pressure  of  the 
carriage  upon  the  surface  of  the  road  ? 

Here  the  horizontal  length  of  the  road,  A  G,  being  equal 
to  30,  for  a  rise  of  1  foot,  the  inclined  length,  A  b  z= 
Va  g2  4-  1  =  30-017,  and  by  the  first  rule,  3,270  -f  30'017 
=  108*93  lbs.  for  the  force  required  to  sustain  the  carriage 
on  the  road. 

By  the  second  rule,  3,270  x  30  -i-  30-017  =  3,269-9  lbs., 
the  pressure  of  the  carriage  upon  the  surface  of  the  road. 

Since  the  pressure  of  a  carriage  on  a  sloping  road  is 
found  by  multiplying  its  weight  by  the  horizontal  length 
of  the  road  and  dividing  by  the  inclined  length,  and  as  the 
former  is  always  less  than  the  latter,  it  follows  that  the 
force  with  which  a  carriage  bears  upon  an  inclined  road  is 
less  than  its  actual  weight.  In  the  foregoing  example,  it 
is  about  two  pounds  less;  but,  unless  the  inclination  is 
very  steep,  it  is  not  necessary  to  distinguish  the  difference 
of  pressure,  as  the  pressure  may  be  assumed  to  be  equal 
to  the  weight  of  the  carriage. 
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If  the  resistance  which  is  to  he  overcome  in  moving  a 
carriage,  at  a  given  rate,  upon  a  horizontal  road,  be  ex- 
pressed by  R,  then  r  4-  f  is  the  resistance  in  ascending  a 
hill,  and  r  —  F  descending  a  hill,  with  the  same  velocity ; 
neglecting  the  decrease  in  the  weight  of  the  carriage  pro- 
duced by  the  inclination  of  the  road.  Taking,  however, 
this  decrease  into  consideration,  the  following  modification 
in  the  formulae  (1.)  and  (2.)  will  be  requisite  to  adapt 
them  to  an  inclined  road : — 

^    ~     (^"^^V^).  cos^=F(w  +  m;)  .  siny3-f  c  V  .  (5.) 

in  the  case  of  a  common  stage  wagon ;  and  in  that  of  a 
stage  coach, 

^  '^  ( IFO" +i~6)  •  <50S  ^  +  (w  +  ^t')  .  sin  /?  +  c  t;  .  (6.), 

the  upper  sign  being  taken  when  the  vehicle  is  drawn  down 
the  incline,  and  the  lower  when  it  is  drawn  up  the  same. 

To  ascertain  the  resistance  in  passing  up  or  down  a  hill, 
therefore,  the  resistance  on  a  level  road  is  first  to  be  calcu- 
lated, by  Eule  1,  page  53.  To  this  is  to  be  added  the  force 
necessary  to  sustain  the  carriage  on  the  incline,  in  ascending, 
calculated  by  Eule  2,  page  55  ;  or,  in  descending,  the  same 
force  is  to  be  subtracted  from  the  resistance  on  a  level. 

As  an  example,  take,  as  before,  the  case  of  a  stage  coach 
weighing  2,060  lbs.,  besides  a  load  of  1,100  lbs.,  at  a  velo- 
city of  9  ft.  per  second,  up  a  broken  stone  road  of  which 
the  surface  is  covered  with  dust,  and  which  is  inclined  at 
the  rate  of  one  in  thirty. 

The  force  to  sustain  the  coach  on  this  slope  is,  by  Eule  2, 

^^  =  105-3  lbs. 

Adding  this  force  to  the  force  already  found  at  page  53, 
requisite  to  move  the  same  coach  on  a  level  road,  the  sum 
is  (105-3  4-  131-1  :=)  236-4  lbs.,  for  the  force  required  to 
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move  tlie  coach  with  a  velocity  of  9  ft.  per  second  up  the 
inclined  road  of  one  in  thirty.  To  draw  the  coach  down  the 
same  incline,  at  the  same  velocity,  the  resulting  force  re- 
quired is  the  difference  of  the  two  forces  already  found,  or 
it  is  (131-1  -  105-3  =  )  25-8  lb, 

The  same  example  worked  by  formula  (6)  will  give 

(^— jt_^-— ^)  -9995  -f  (2060  -f  1100)  -0333  +(8x9) 

=  236-3  lbs,  when  the  carriage  is  drawn  up  the  incline ; 
and 

^2060^f_1100^  -9995  -  (2060  +  1100)  -0333  +(8x9) 

=  25-84  lbs.,  when  the  carriage  is  drawn  down  the  incline, 
the  result  being  the  same  as  that  given  by  the  rule. 

The  following  table  has  been  calculated  in  order  to  show, 
with  sufficient  exactness  for  most  practical  purposes,  the 
force  required  to  draw  carriages  over  inclined  roads,  and 
the  comparative  advantage  of  such  roads  and  those  which 
are  perfectly  level.  The  first  column  expresses  the  rate 
of  inclination,  and  the  second  the  equivalent  angle ;  the 
two  next  columns  contain  the  force  requisite  to  draw  a 
common  stage  wagon  weighing  with  its  load  6  tons,  at  a 
velocity  of  4*4  ft.  per  second  (or  3  miles  per  hour)  along  a 
macadamized  road  in  its  usual  state,  both  when  ascending 
and  descending  the  hill ;  the  fifth  and  sixth  columns  con- 
tain the  length  of  level  road  which  would  be  equivalent  to 
a  mile  in  length  of  the  inclined  road,  that  is,  the  length  of 
level  road  which  would  require  the  same  mechanical  work 
to  be  expended  in  drawing  the  wagon  over  it,  as  would 
be  necessary  to  draw  the  wagon  over  a  mile  of  the  in- 
clined road.  The  next  four  columns  contain  the  same 
information  as  the  four  just  described,  with  reference  to  a 
stage  coach  supposed  to  weigh  with  its  load  3  tons,  and  to 
travel  at  the  rate  of  8-8  ft.  per  second,  or  6  miles  per  liour. 

D  3 
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Table  No.  4.— Resistance  to  Traction  on  Inclined  Roads. 
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Fob  a  Stage  Wagon.       I 

For  a  Stage  Coach,         i 

i 

i 

H 

6  tons  gross. 

1 

3  tons  gi-oss. 

-2§ 

O  0    . 

"Sfl 

III 

OA 

o^    . 

.£3  fl 

.4  eS 

H 
K 

» 

a 

1 

In 

lbs. 

gli 

lbs. 

111 

>  <u  « 

1^^ 

Ill 

o       »       w 

lbs. 

lbs. 

Miles. 

MUes. 

Miles. 

Miles. 

1  in  600 

0     6  44 

286 

241 

1-085 

•9150 

373 

350 

r030 

•9690 

„  575 

0     5  59 

287 

240 

1-088 

-9116 

373 

350 

1-032 

•9676 

„  550 

0     6  15 

288 

239 

1-093 

•9074 

374 

349 

1033 

•9662 

„  525 

0     6  33 

289 

238 

1-097 

-9029 

374 

349 

1-035 

•9646 

„  500 

0     6  53 

291 

237 

1-102 

-8979 

375 

348 

1-037 

-9629 

„  475 

0     7  14 

292 

235 

1-107 

•8926 

376 

347 

1-039 

-96U5 

„  450 

0     7  38 

294 

334 

1-113 

•8869 

1  377 

347 

1-041 

•9588 

„  425 

0    8    5 

295 

232 

1-120 

•8801 

377 

346 

1-043 

-9563 

„  400 

0     8  36 

297 

230 

1  128 

•8725 

378 

345 

1-046 

•9535 

„  375 

0     9  10 

300 

228 

1-136 

•8642 

380 

344 

1^049 

•9505 

„  350 

0     9  49 

302 

225 

1-146 

•8543 

381 

342 

1-053 

•9469 

„  325 

0  10  35 

305 

222 

1-157 

•84^3 

382 

341 

1-056 

•9430 

„  300 

0  11  28 

309 

219 

1-170 

-8301 

384 

339 

1-061 

•9381 

„  290 

0  11  51 

310 

217 

1-176 

-8245 

385 

338 

1064 

-9358 

„  280 

0  12  17 

312 

216 

1182 

•8179 

386 

338 

1-066 

•9336 

„  270 

0  12  44 

314 

214 

1-189 

•8111 

386 

337 

1-068 

•9314 

„  260 

0  13  13 

315 

212 

1-196 

•8039 

387 

336 

1-071 

•9286 

„  250 

0  13  45 

317 

210 

1-204 

•7^*63 

388 

335 

1-074 

9259 

„  240 

0  14  19 

320 

208 

1-212 

•7876 

390 

334 

1-077 

•9226 

„  230 

0  14  57 

322 

205 

1-222 

•7785 

391 

332 

1080 

•9192 

„  220 

0  15  37 

325 

203 

1-232 

-7683 

i  392 

331 

1-084 

-9156 

„  210 

0  16  22 

328 

200 

1-243 

-7573 

j  394 

330 

1-088 

•9115 

„  200 

0  17  11 

331 

197 

1-255 

-7451 

!  395 

328 

1-092 

•9071 

„  190 

0  18     6 

334 

193 

1-268 

•7319 

397 

326 

1-097 

•9024 

„  180 

0  19     6 

338 

189 

1-283 

•7171 

399 

324 

1-103 

•8968 

„   170 

0  20  13 

343 

185 

1-300 

•7004 

401 

322 

1-109 

-8908 

,.  160 

0  21  29 

1  848 

180 

1-319 

•6814 

404 

320 

1-116 

•8839 

,;  150 

0  22  55 

:  353 

174 

1-341 

•6587 

;  406 

317 

M23 

-8761 

„  140 

0  24  33 

!  360 

168 

1-364 

•6359 

1  410 

314 

M32 

-8673 

„  130 

0  26  27 

1  367 

160 

1-392 

•6079 

1  413 

310 

M42 

•8573 

„   120 

0  28  39 

1  376 

152 

1-425 

•5752 

'  418 

306 

1154 

•8451 

„  no 

0  31   15 

i  386 

142 

1-451 

•5491 

,  423 

300 

M69 

-8308 

„  100 

0  34  23 

I  398 

129 

1-510 

•4903 

,  429 

294 

1-185 

•8142 

95 

0  86  11 

'  405 

122 

1-537 

•4634 

'  432 

291 

1-195 

•8045 

;;     90 

0  38  12 

413 

114 

1-566 

•4338 

436 

287 

1-206 

•7937 

„     85 

0  40  27 

422 

106 

1-600 

•4004 

441 

282 

1-219 

•7801 

„     80 

i 

0  42  58 

i  432 

96 

1-637 

•3629 

446 

278 

1-232 

-7677 
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g 

Fob  a  Staob  Wagon. 

Fob  a  Stage  Coach.         1 

6  tons  gross. 

3  tons  gross. 

111 

HI 

•3 -SI 

21^ 

111 

111 

u 
H 

^ 

►J 

1 

w 
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III 

>■  >  s 

8>5 
Si 

Hi 

>  «  e 

11  i 

.&  >  S 

o 

, 

lbs. 

lbs. 

Miles. 

Miles. 

lbs. 

lbs. 

MUts. 

Miles. 

1  in  75 

0 

45 

51 

443 

85 

1-680 

-3204 

451 

272 

1-247 

•7522 

>j 

70 

0 

49 

7 

456 

72 

1-728 

•2719 

457 

263 

1-265 

•7.345 

>j 

65 

0 

52 

54 

470 

57 

1-784 

-2161 

465 

258 

1-285 

-7143 

60 

0 

57 

18 

488 

40 

1-850 

•1505 

474 

250 

1-309 

-6903 

>» 

55 

1 

2 

30 

508 

19 

1-926 

-0736 

481 

239 

1-337 

•6620 

M 

50 

1 

8 

6 

533 



2-019 



496 

227 

1-371 

-6283 

» 

45 

1 

16 

24 

562 

— 

2-133 

— 

511 

212 

1-412 

-5871 

}) 

40 

1 

25 

57 

600 



2-274 

— 

530 

194 

1-464 

-5354 

ty 

35 

1 

38 

14 

648 



2-456 

— 

554 

170 

1-580 

-4690 

it 

34 

1 

41 

8 

65'.» 



2-499 



559 

164 

1-546 

•4535 

» 

33 

1 

44 

12 

671 

— 

2-544 

— 

565 

158 

1-562 

-4370 

)> 

32 

1 

47 

27 
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2-593 

— 
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152 

1-580 

-4193 

yy 

31 

1 

50 

5b 
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2-644 
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1-599 

-4007 

ti 

30 

1 

54 

37 

712 



2-699 
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138 

1-619 

•3805 

>> 

29 

1 

58 

34 

727 



2-758 

— 

593 

130 

1-640 

-3592 

>) 

28 

2 

2 

5 

744 



2-820 



602 

122 

1-663 

•3363 

»> 

27 

2 

7 

2 

762 

— 

2-888 

— 

610 

113 

1-688 

-3119 

26 

2 

12 

2 

781 

— 

2-960 

— 
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103 

1-714 

-2854 

ty 

25 

2 

17 

26 

801 



3-038 
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93 

1-743 

•2566 

» 

24 

2 

23 

10 

823 

— 

3-120 

— 

641 

82 

1-774 

•2257 

»> 

23 

2 

29 

22 

847 

— 

3-213 

— 

653 

69 

1-808 

-1919 

>j 

22 

2 

36 

10 

874 



3-313 



666 

6Q 

1-844 

•1554 

>» 

21 

2 

43 

35 

903 



3423 
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42 

1-884 

•1150 

» 

20 

2 

51 

21 

933 

— 

3-538 

— 

696 

26 

1-926 

•0730 

>? 

19 

3 

0 

46 

970 

— 

3-677 
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8 

1-977 

•0221 

» 

18 

3 

10 

47 

1009 

_-. 

3-826 



734 



2-032 

^^      1 

t) 

17 

3 

21 

59 

1053 



3-991 

__ 

756 



2-092 



>» 

16 

3 

34 

35 

1102 

— 

4-178 

— 

780 

— 

2-160 



iy 

15 

3 

48 

51 

1157 

— 

4-388 

— 

807 



2-234 
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14 

4 

5 

14 

1221 



4-629 

_ 
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__ 

2-322 



9) 

13 

4 

23 

56 

1294 
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__ 

875 



2-423 



12 

4 

45 

49 

1379 



5-229 



918 



2-540 

/ 

,, 

11 

5 

11 

40 

1480 

— 

5-611 



968 



2-679 

j 

)) 

10 

5 

42 

58 

1600 



6-067 



1028 



2-846 

' 

yy 

9 

6 

20 

25 

1747 



6-623 



1101 



3-048 



»> 

8 

7 

7 

30 

1929 

— 

7-315 



1192 



3-300 



>» 

7 

8 

7 

48 

2162 

— 

8-199 

■~~ 

1308 

— 

3-621 

— 
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The  foregoing  table  may  be  considered  as  affording  a 
view  of  the  comparative  disadvantage  of  hilly  roads  with 
light  and  heavy  traffic ;  the  stage  wagon  weighing  6  tons 
and  travelling  at  the  speed  of  3  miles  per  hour,  may  be 
taken  as  a  fair  average  for  goods  traffic,  and  the  stage 
coach,  weighing  -3  tons  and  running  6  miles  an  hour,  for 
passenger  traffic.  It  is  shown  that  the  resistance  on  hills 
is  much  more  unfavourable  to  the  wagon  than  to  the 
coach.  The  force  which  would  be  requisite  to  move  the 
wagon  on  a  level  road  would  be  264  lbs,,  and  that  to 
move  the  coach  362  lbs.,  being  an  excess  of  98  lbs.  for  the 
traction  of  the  coach.  But,  with  a  road  inclined  at  the 
rate  of  1  in  600,  this  excess  is  only  (373  —  286  =)  87  lbs.  ; 
and  when  the  inclination  of  the  road  amounts  to  about 
1  in  70,  the  forces  required  to  draw  them  become  equal. 
As  the  inclination  of  tlie  road  increases  beyond  this,  the 
excess  of  force  requisite  to  draw  the  waggon  over  that 
necessary  to  move  the  coach,  increases  rapidly  until,  at  an 
inclination  of  1  in  7,  it  amounts  to  (2162  —  1308  =) 
854  lbs. 

Comparing  the  forces  required  to  draw  either  the  wagon 
or  the  coach  up  and  down  any  given  incline,  the  former  is 
as  much  greater  than  the  force  required  on  a  level  road  as 
the  latter  is  less.  It  might  thence  be  concluded  that,  when 
a  vehicle  passes  alternately  each  way  along  the  road,  no 
real  loss  is  occasioned  by  the  incKnation  of  the  road,  since 
as  much  power  is  gained  in  the  descent  of  the  hill  as  is  lost 
in  its  ascent.  Such  is  not,  however,  practically  the  fact, 
for  whilst  it  is  necessary  in  the  ascending  journey  to  have 
either  a  greater  number  of  horses,  or  more  powerful  horses, 
than  would  be  requisite  if  the  road  were  entirely  level,  no 
corresponding  reduction  can  be  made  in  the  descending 
journey.  There  must  be  horses  sufficient  to  draw  the  vehicle 
along  the  level  portions  of  the  road ;  nor,  generally  speak- 
ing,  have  the  horses  less  to  do  in  descending  the  hill. 
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since  they  frequently  are  required  to  pusli  back,  to  prevent 
the  speed  of  the  coach  from  being  accelerated  to  a  rate 
beyond  the  limits  of  safety. 

In  a  practical  sense,  therefore,  it  may  be  considered  that 
the  fifth  and  ninth  columns  in  the  foregoing  table  express 
the  length  of  level  road  which  would  be  equivalent  to  a 
mile  of  road  with  the  stated  inclination,  the  fifth  giving 
the  result  for  heavy  traffic,  and  the  ninth  for  passenger 
traffic.  For  instance,  against  the  incline  1  in  75,  there  is 
a  length  of  1-247  miles,  or  about  a  mile  and  a  quarter,  in 
the  ninth  column,  given  as  the  equivalent  length  of  level 
road  for  1  mile  of  ascent  on  the  incline,  in  the  sense  that 
the  same  quantity  of  work  of  traction  would  be  requisite 
to  move  a  coach  of  3  tons,  at  a  velocity  of  6  miles  per  hour, 
along  one  as  along  the  other.  But,  in  other  respects,  the 
incline  might  be  more  advantageous  than  the  level ;  for 
instance,  the  shorter  road  would  cost  less  for  repair,  and 
would  be  passed  over  in  less  time.  The  table,  therefore, 
merely  expresses  the  equivalent  length  as  far  as  the 
mechanical  work  required  for  the  traction  is  concerned. 

From  the  results  of  Sir  John  Macneil's  experiments  on 
tractional  resistance,  page  52  ante,  Professor  Mahan  de- 
duces ''that  the  angle  of  repose  in  the  first  case  is  repre- 
sented hj -tK-o-,  or  1  in  71-34  nearly;  and  that  the  sloj)e 
of  the  road  should  therefore  not  be  greater  than  one  per- 
pendicular to  71-34  in  length;  or  that  the  height  to  be 
ascended  must  not  be  greater  than  one  seventy-first  part 
of  the  distance  between  the  two  points  measured  along 
the  road,  in  order  that  the  force  of  friction  may  counteract 
that  of  gravity  in  the  descent  of  the  road. 

''  A  similar  calculation  will  show  that  the  angle  of  repose 
in  the  other  cases  will  be  as  follows : — 

Ko.  2,         .         .         .     1  to  50-9  nearly. 
„    3,         .  .         .1  to  36-1       „ 

,,4,  .         .         .1  to  16       ,, 
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"  These  numbers,  wliicli  give  tlie  angle  of  repose  between 
1  in  36-1  and  1  in  50-9  for  the  kinds  of  road-covering, 
Nos.  3  and  2,  in  most  ordinary  use,  and  corresponding  to  a 
road-surface  in  good  order,  may  be  somewhat  increased, 
to  from  1  in  28  to  1  in  33,  for  the  ordinary  state  of  the 
surface  of  a  well-kept  road,  without  there  being  any  neces- 
sity for  applying  a  brake  to  the  wheels  in  descending,  or 
going  out  of  a  trot  in  ascending.  The  steepest  gradient 
that  can  be  allowed  on  roads  with  a  broken-stone  covering 
is  about  1  in  20,  as  this,  from  experience,  is  found  to  be 
about  the  angle  of  repose  upon  roads  of  this  character  in 
the  state  in  which  they  are  usually  kept.  Upon  a  road 
with  this  inclination,  a  horse  can  draw,  at  a  walk,  his  usual 
load  for  a  level  without  requiring  the  assistance  of  an 
extra  horse;  and  experience  has  further  shown  that  a 
horse  at  the  usual  walking  pace  will  attain,  with  less 
apparent  fatigue,  the  summit  of  a  gradient  of  1  in  20  in 
nearly  the  same  time  that  he  would  require  to  reach  the 
same  point  on  a  trot  over  a  gradient  of  1  in  33. 
"A  road  on  a  dead  level,  or  one  with  a  continued  and 
uniform  ascent  between  the  points  of  arrival  and  departure, 
where  they  lie  upon  different  levels,  is  not  the  most  favour- 
able to  the  draft  of  the  horse.  Each  of  these  seems  to 
fatigue  him  more  than  a  line  of  alternate  ascents  and 
descents  of  slight  gradients ;  as,  for  example,  gradients  of 
1  in  100,  upon  which  a  horse  will  draw  as  heavy  a  load 
with  the  same  speed  as  upon  a  horizontal  road. 
"The  gradients  should  in  all  cases  be  reduced  as  far  as 
practicable,  as  the  extra  exertion  that  a  horse  must  put 
forth  in  overcoming  heavy  gradients  is  very  considerable ; 
they  should,  as  a  general  rule,  therefore,  be  kept  as  low  at 
least  as  1  in  33,  wherever  the  ground  will  admit  of  it. 
This  can  generally  be  effected,  even  in  ascending  steep 
hill-sides,  by  giving  the  axis  of  the  road  a  zig-zag  direc- 
tion, connecting  the  straight  portions  of  the  zig-zags  by 
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circular  arcs.  The  gradients  of  tlie  curved  portions  of  the 
zig-zags  should  be  reduced,  and  the  roadway  also  at  these 
points  should  be  widened,  for  the  safety  of  vehicles  descend- 
ing rapidly.  The  width  of  the  road  may  be  increased  about 
one-fourth,  when  the  angle  between  the  straight  portions 
of  the  ziz-zags  is  from  120°  to  90° ;  and  the  increase  should 
be  nearly  one-half  where  the  angle  is  from  90°  to  60°."'^' 

Note  by  the  Editor. — Sir  John  Macneil,  in  1836, 
maintained  that  no  road  was  perfect  unless  its  gradients 
were  equal  to  or  less  than  1  in  40.  In  thus  limiting  the 
ruling  gradient  to  1  in  40,  he  justifies  the  assertion  by 
the  much  greater  outlay  for  repair  on  roads  of  steeper 
gradients.  For  instance,  he  adduces  as  a  fact  not  generally 
known,  that  if  a  road  has  no  greater  inclinations  than 
1  in  40,  there  is  20  per  cent,  less  cost  for  maintenance  than 
for  a  road  having  an  inclination  of  1  in  20.  The  additional 
cost  is  due  not  only  to  the  greater  injury  by  the  action  of 
horses'  feet  on  the  steeper  incline,  which  has  already  been 
noticed,  but  also  to  the  greater  wear  of  the  road  by  the 
more  frequent  necessity  for  sledging  or  braking  the  wheels 
of  vehicles  in  descending  the  steeper  portions. 

Professor  Malian,  it  has  been  seen,  page  62,  recom- 
mends, as  a  general  rule,  that  the  gradients  should  be 
kept  as  low  as  1  in  33 ;  whilst  M.  Dumas,  engineer-in- 
chief  of  the  French  Fonts  et  Chaussees,  writing  in  1843,f 
recommended,  as  a  maximum  rate  of  inclination,  1  in  50 ; 
for,  he  says,  "not  only  are  the  surfaces  of  steeply-inclined 
roads  subjected  to  abrasion  by  the  feet  of  horses  clambering 
up  the  hill,  but,  in  the  intervals  of  rest,  loose  stones  are 
placed  as  props  behind  the  wheels  of  vehicles,  which  are 
usually  allowed  to  remain  where  they  have  been  tempo- 
rarily placed,  and  may  be  the  causes  of  serious  accidents." 

*  "A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2nd  edition^ 
page  407. 

t  **  Annales  des  Fonts  et  Chaussees,"  2nd  series,  1  Semestro,  1843, 
page  343. 
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Besides,  lie  states  as  the  result  of  experience,  that  on 
broken-stone  roads,  in  perfect  condition,  the  resistance  to 
traction  is  l-50th  of  the  gross  weight,  or  45  lbs.  per 
ton,  for  which  the  angle  of  repose  is  1  in  50  ;  and  he  adds, 
with  scientific  acuteness,  "that for  the  ascent  of  an  incline 
of  1  in  50,  the  traction  force  required  is  just  double  that 
which  is  required  on  the  level. "  ' '  Evidently, ' '  he  continues, 
'^  there  is  no  danger,  under  such  conditions,  in  making  the 
descent,  since  it  requires  but  the  slightest  effort  to  check 
the  vehicle ;  whilst,  in  ascending,  the  horses  can,  without 
trouble,  exert  double  the  customary  force  for  a  short  time." 
In  fact,  horses  can  easily  enough  surmount  gradients  of 
more  than  3  per  cent.,  or  1  in  33,  at  a  trot,  on  roads  in 
mediocre  condition. 

M.  Dupuit  recommends  for  the  maximum  gradients  of 
roads — 

For  metalled  roads  .  ,    3  per  cent,  or  1  in  33 

For  pavements     .  .  .2         „  1  in  50 

It  can  but  be  observed,  upon  the  foregoing  evidence, 
that  Sir  John  Macneil's  proportion  of  1  in  40  for  the 
maximum  slopes  of  roads,  is  most  nearly  an  average  of  the 
deductions  which  have  been  cited. 

But  there  is  .another  condition — the  minimum  longi- 
tudinal slope  of  a  road.  It  should  not  be  quite  level,  for 
provision  must  be  made,  by  inclining  the  road,  for  running 
off  surface-water.  The  minimum  slope  is  fixed  by  one 
authority  at  1  in  80 ;  by  another,  at  half  a  degree,  or  1  in 
115  ;  and  by  the  Corps  des  Fonts  et  Chaussees,  at  1  in  125. 

In  the  Second  Part  of  this  work,  by  the  Editor,  he  has 
given  an  analysis  of  the  Boiling  or  Circumferential  Re- 
sistance of  Wheels. 


CHAPTEE  IV. 

ON  THE  SECTION  OF  ROADS. 

WnERE  hills  or  gradients  are  unavoidable,  they  should  he 
made  as  easy  as  possible ;  and,  although  a  certain  amount 
of  additional  power  must  be  required  to  draw  a  carriage 
up  a  hill,  compared  with  the  resistance  on  a  level,  yet  so 
long  as  the  inclination  is  within  a  certain  limit,  the  hilly 
road  may  be  considered  as  safe  as  a  level  road.  This  limit 
depends  upon  the  nature  and  condition  of  the  surface  of 
the  road,  and  it  is  attained  in  any  particular  case  when 
the  inclination  of  the  road  is  made  equal  to  the  limiting 
angle  of  resistance  for  the  materials  composing  its  surface  ; 
that  is,  when  it  is  such  that  a  carriage  once  set  in  motion 
on  the  road,  would  just  continue  its  descent  without  any 
additional  force  being  applied.  When  this  limit  is  ex- 
ceeded, the  carriage  descends  with  an  accelerated  velocity, 
unless  the  horses  or  other  force  be  employed  to  restrain 
it ;  and,  although,  in  such  a  case,  the  use  of  a  drag,  by 
increasing  the  resistance,  would  in  a  measure  obviate  the 
danger,  yet  the  injury  done  to  the  surface  of  the  road  by 
the  use  of  the  drag  renders  it  desirable  to  avoid  the  use  of 
it  altogether.  The  following  table,  taken  from  the  second 
volume  of  the  "Rudiments  of  Civil  Engineering,"  shows 
the  rate  of  inclination  at  which  this  limit  is  attained  on 
the  various  kinds  of  roads  mentioned  in  the  first  column. 
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The  values  of  tlie  resistances  on  wliicli  this  table  is  calcu- 
lated are  those  given  by  Sir  John  Macneil : — 


Description  of  the  road. 

it 

3 

§2  . 

III 

"Well -laid  pavement         • 

Broken  stone  snrface  on  a  bottom  ofi 

rough  pavement  or  concrete     .           .  / 
Broken  stone  surface  laid  on  an  old  flint  \ 

road       .             .             .             .             j 
Gravel  road          .... 

21-4 

44 

62 
140 

O         ' 

0  48 

1  n 

1  35 
3  35 

lin7l 
1  in  51 

1  in  36 
1  in  16 

The  following  table  of  gradients  is  of  considerable  value 
in  laying  out  and  arranging  roads.  The  first  column  con- 
tains the  gradient,  expressed  in  the  ratio  of  the  height  to 
the  length ;  the  second  and  third  columns  contain  the  ver- 
tical rise  in  a  mile  and  a  chain  respectively ;  the  fourth 
column,  the  angle  of  inclination  with  the  horizon ;  and  the 
last  column,  the  sine  of  the  same  angle,  which  is  inserted 
for  facilitating  the  calculation  of  the  resistances  occasioned 
by  the  gradient. 
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Table 

No.  5 

—Gradients 

AND  Angles  of  Inclination  of 

Roads. 

eS 

03 

-SSd 

OJ 

a 

^    DO      • 

.a 

0} 

il 

,2 

.a 

0) 

0 

III 

So  S 

CO 

i 

31 
1^ 

.2  5 

P 

-3) 

i 

liB 

10 

528-0  6.60 

5  42  68 

-09960 

lin60 

88-0 

1-10 

0  57  18 

•01667 

)> 

11 

480-0  6-00 

5  11  40 

-09054 

„     65 

81-2 

1-02 

0  52  54 

•01539 

ff 

12 

440-0  5-50 

4  45  59 

-08309 

„    7(i 

75-4 

-94 

0  49     7 

•01429 

13 

406-1  5-08 

4  23  56 

•07670 

„     7-i 

70-4 

-88 

0  45  51 

•01334 

14 

377-1  4-71 

4     5   14 

-07128 

„     80 

66-0 

-82 

0  42  58 

•01250 

if 

15 

352-0  :4-40 

3  48  51 

-06652 

„     85 

62-1 

•78 

0  40  27 

•01177 

16 

330-0  4-12 

3  34  35 

•06238 

„     90 

58^7 

•73 

0  38  12 

•01111 

17 

310-6  3-88 

3  21  59 

•05872 

„     95 

55^6 

-69 

0  36  11 

•01053 

jf 

18 

293-3:3-67 

3  10  47 

•05547 

„  100 

52-8 

-66 

0  34  23 

•01000 

fy 

19 

277-9 

3-47 

3     0  46 

•05256 

„  110 

48^0 

-60 

0  31   15 

•00909 

20 

264-0 

3.30 

2  51  21 

-04982 

„  120 

44^0 

-55 

0  28  39 

•00833 

>> 

21 

251-4 

3-14 

2  43  35 

-04757 

„   130 

40^6 

-51 

0  26  27 

•00769 

if 

22 

240-0 

3-00 

2  36  10 

-04541 

„  140 

37^7 

•47 

0  24  33 

•00714 

23 

229-6 

2-87 

2  29  22 

•04344 

„  150 

35^2 

•44 

0  22  55 

•00666 

24 

220-0 

2-75 

2  23  10 

-04163 

„   160 

33^0 

•41 

0  21  29 

•00625 

ff 

25 

211-2 

2-64 

2  17  26 

•03997 

„■  170 

3M 

-39 

0  20  13 

•00588 

)9 

26 

203-1 

2-54 

2  12     2 

-03840 

„  180 

29^3 

•37 

0  19     6 

•00556 

27 

195-5 

2-42, 

2     7     2 

-03694 

„  190 

27^8 

•35 

0  18     6 

•00527 

tJ 

28 

188-5 

2-36 

2     2     5 

-03551 

„  200 

26^4 

•33 

0  17  11 

•00500 

11 

29 

182-1 

2-28 

1  58  34 

-03448 

„  210 

25-1 

•31 

0  16  22 

•00476 

11 

30 

176-0 

2-20 

1  54  37 

-03333 

„  220 

24-0 

•30 

0  15  37 

•00454 

11 

31 

170-3 

2-13 

1  50  55 

-03226 

„  230 

23-0 

•29 

0  14  57 

•00435 

ff 

32 

165-0 

2-06 

1  47  27 

-03125 

„  240 

22-0 

•27 

0  14  19 

•00417 

11 

33 

160-0 

2-00 

1  44  12 

-03031 

„  250 

21-1 

•26 

0  13  45 

•00400 

11 

34 

155-3 

1-94 

1  41     8 

-02941 

„  260 

20-3 

•25 

0  13  13 

•00385 

11 

35 

150-9 

1-88 

1  38  14 

-02857 

„  270 

19-6 

•24 

0  12  44 

•00370 

>» 

36 

146-7 

1-86 

1  35  28 

-02777 

„  280 

18-9 

-24 

0  12  17 

•00357 

11 

37 

14-2-7 

1-78 

1  32  53 

-02702 

„  290 

18-2 

-23 

0  11  51 

•00345 

11 

38 

138-9 

1-74 

1  30  27 

■02631 

„  300 

17-6 

-22 

0  11  28 

•00334 

11 

39 

135-4 

1-69 

1  28     8 

•02563 

„  325 

16-2 

-20 

0  10  35 

•00308 

» 

40 

132-0 

1-65 

1  25  57 

•02500 

„  350 

15-1 

-19 

0     9  49 

•00286 

11 

41 

128-8 

1-61 

1  23  50 

-02438 

„  375 

14-0 

-18 

0     9  10 

•00267 

11 

42 

125-7 

1-57 

1  21  50 

-02380 

„  400 

132 

•17 

0     8  36 

•00250 

11 

43 

122-8 

1-53 

1  19  56 

•02325 

„  425 

12-4 

•16 

0     8     5 

•00235 

»> 

44 

120-0 

1-50 

1  18     7 

•02272 

„  450 

11-7 

•15 

0     7  38 

■00222 

)) 

45 

117-3 

1-47 

1  16  24 

•02222 

„  475 

11-5 

•14 

0     7  14 

•00210 

11 

46 

114-8 

1-44 

1  14  43 

-02173 

„  500 

10-6 

•13 

0     6  53 

•00200 

» 

47 

112-3 

1-40 

1  13     8 

-02127 

„  525 

10-1 

•12 

0     6  33 

•00191 

» 

48 

110-0 

1-37 

1  11  37 

-02083 

„  550 

9-6 

•12 

0     6  15 

-00182 

» 

49 

107-7 

1-35 

1  10     9 

-02040 

„  675 

9-2 

•11 

0     5  59 

•00174 

50 

105-6 

1-32 

1     8     6 

-01981 

„  600 

8-8 

•11 

0     6  44 

-00167 

)» 

55 

960 

1-20 

1     2  30 

•01818 
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Width  and  Transverse  Section  of  Roads. — It  is  recom- 
mended that  roads  should  be  wide.  It  is  an  error  to 
suppose  that  the  cost  of  repairing  a  road  depends  entirely 
upon  the  extent  of  its  surface,  and  increases  with  its  width. 
The  cost  per  mile  of  road  depends  more  upon  the  extent 
and  the  nature  of  the  traffic ;  and  it  may  be  asserted, 
generally,  that  the  same  quantity  of  material  is  necessary 
for  the  repair  of  a  road,  whether  wide  or  narrow,  subjected 
to  the  same  amount  of  traffic.  On  the  narrow  road,  the 
traffic,  being  confined  very  much  to  one  track,  the  road 
would  be  worn  more  severely  than  when  the  traffic  is 
spread  over  a  larger  surface.  The  expense  of  spreading 
the  material  over  the  wider  road  would  be  somewhat 
greater,  but  the  cost  for  material  might  be  taken  as 
the  same.  One  of  the  advantages  of  a  wide  road  is,  that 
the  air  and  the  sun  exercise  more  influence  in  keeping  its 
surface  dry.  The  first  cost  of  a  wide  road  is  certainly 
greater  than  that  of  a  narrow  road, — nearly  in  the  ratio 
of  the  widths. 

For  roads  situated  between  towns  of  importance,  and 
exposed  to  much  traffic,  the  width  should  not  be  less  than 
30  ft.,  which  would  admit  of  four  vehicles  abreast ;  besides 
a  footpath  of  6  ft.  In  the  immediate  vicinity  of  large 
towns  and  cities,  the  width  should  be  greater. 

The  form  of  the  cross  section  of  a  road  is  a  subject  of 
much  importance,  and  it  is  one  upon  which  much  difi'erence 
of  opinion  exists.  Some  persons  advocate  a  considerable 
degree  of  curvature  in  the  upper  surface  of  the  road,  with 
the  view  of  facilitating  the  drainage  of  its  surface ;  whilst 
others  are  averse  to  a  road  being  much  curved.  It  is  the 
2)ractice  of  others,  again,  to  form  the  road  on  a  flat  surface 
transversely;  whilst  others  give  a  dip  to  the  formation- 
surface  each  way  from  the  centre,  supposing  that  the 
drainage  of  the  road  is  thereby  facilitated. 

The  only  advantage  resulting  from  the  curving  of  the 
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transverse  section  of  the  road  is,  that  the  water,  which 
would  otherwise  collect  upon  its  surface,  is  allowed  to  drain 
freely  off  into  the  side  ditches.  It  has  been  urged  that, 
in  laying  on  fresh  material  upon  a  road,  it  is  necessary  to 
keep  the  centre  much  higher  than  the  sides ;  because,  in 
consequence  of  the  greater  number  of  carriages  using  the 
middle  of  the  road,  that  portion  wears  more  quickly  than 
the  sides,  and  that,  unless  it  is  made  originally  much 
higher,  when  so  worn  it  necessarily  forms  a  hollow  or 
depression,  from  which  water  cannot  drain.  Now  it  is 
entirely  overlooked  by  those  who  advance  this  argument, 
that  the  cause  of  carriages  using  the  middle  in  preference 
to  the  sides  of  a  road,  is  its  rounding  form,  since  it  is  only 
in  that  situation  that  a  carriage  stands  upright.  If  the 
road  were  comparatively  flat,  every  portion  would  be 
equally  used ;  but  on  very  convex  roads,  the  middle  is  the 
only  portion  of  the  road  on  which  it  is  safe  to  travel.  On 
this  subject^  Mr.  Macadam  remarks,  in  his  evidence  before 
a  committee  of  the  House  of  Commons,*  ''I  consider  a 
road  should  be  as  flat  as  possible  with  regard  to  allowing 
the  water  to  run  off  it  at  all,  because  a  carriage  ought  to 
stand  upright  in  travelling  as  much  as  possible.  I  have 
generally  made  roads  3  in.  higher  in  the  centre  than  I 
have  at  the  sides,  when  they  are  18  ft.  wide;  if  the  road 
be  smooth  and  well  made,  the  water  will  run  off  very 
easily  in  such  a  slope."  And,  in  answer  to  the  question, 
"Do  you  consider  a  road  so  made  will  not  be  likely  to 
wear  hollow  in  the  middle,  so  as  to  allow  the  water  to 
stand,  after  it  has  been  used  for  some  time?"  he  replies, — 
*'  No ;  when  a  road  is  made  flat,  people  will  not  follow  the 
middle  of  it  as  they  do  when  it  is  made  extremely  convex. 
Gentlemen  will  have  observed  that  in  roads  very  convex, 
travellers  generally  follow  the  track  in  the  middle,  which 

*  Parliamentary  Report  on  the  Highways  of  the  Kingdom,  1819, 
page  22. 
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is  the  only  place  wliere  a  carriage  can  run  upright,  by 
wliicli  means  three  furrows  are  made  by  the  horses  and 
the  wheels,  and  water  continually  stands  there ;  and  I 
think  that  more  water  actually  stands  upon  a  very  convex 
road  than  on  one  which  is  reasonably  flat."  On  the  same 
subject,  Mr.  Walker  remarks,*  ''A  road  much  rounded  is 
dangerous,  particularly  if  the  cross  section  approaches 
towards  the  segment  of  a  circle,  the  slope  in  that  case  not 
being  uniform,  but  increasing  rapidly  from  the  nature  of 
the  curve,  as  we  depart  from  the  middle  or  vertical  line. 
The  over-rounding  of  roads  is  also  injurious  to  them,  by 
either  confining  the  heavy  carriages  to  one  track  in  the 
crown  of  the  road,  or,  if  they  go  upon  the  sides,  by  the 
greater  wear  they  produce,  from  their  constant  tendency 
to  move  down  the  inclined  plane,  owing  to  the  angle 
which  the  surface  of  the  road  and  the  line  of  gravity  of 
the  load  form  with  each  other;  and,  as  this  tendency  is 
perpendicular  to  the  line  of  draught,  the  labour  of  the 
horse  and  the  wear  of  the  carriage  wheels  are  both  much 
increased  by  it."  f 

The  drainage  of  the  surface  of  the  road  is  then  the  only 
useful  purpose  answered  by  making  it  convex.  But  the 
surface  of  a  road  is  much  more  efiiciently  drained  by  a 
small  inclination  in  the  direction  of  its  length,  than  by  a 
much  greater  transverse  slope.  On  this  subject,  Mr. 
Walker  has  very  justly  remarked,  J  *'  Clearing  the  road  of 
water  is  best  secured  by  selecting  a  course  for  the  road 
which  is  not  horizontally  level,  so  that  the  surface  of  the 
road  may,  in  its  longitudinal  section,  form,  in  some  degree, 
an  incKned  plane ;  and  when  this  cannot  be  obtained, 
owing  to  the  extreme  flatness  of  the  country,  an  artificial 

*  Parliamentary  Keport,  1819,  page  49. 

t  Remarks  on  the  evils  of  "  barreled  roads,"  as  they  were  called, 
have  been  made  in  the  Historical  chapter,  page  4. — Editob. 
X  Parliamentary  Keport,  1819,  page  48. 
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inclination  may  generally  be  made.  When  a  road  is  so 
formed,  every  wheel-track  that  is  made,  being  in  the  line 
of  inclination,  becomes  a  channel  for  carrying  off  the  water 
much  more  effectually  than  can  be  done  by  a  curvature  in 
the  cross  section  or  rise  in  the  middle  of  the  road,  without 
the  danger  or  other  disadvantages  which  necessarily  attend 
the  rounding  a  road  much  in  the  middle.  I  consider  a  fall 
of  about  li  inches  in  10  feet  to  be  a  minimum  in  this  case, 
if  it  is  attainable  without  a  great  deal  of  extra  expense." 
Whilst,  then,  the  advantages  attending  the  extreme  con- 
vexity of  roads  is  so  small,  the  disadvantages  are  consider- 
able. On  roads  so  constructed,  vehicles  must  either  teep 
to  the  crown  of  the  road,  and  so  occasion  an  excessive  and 
unequal  wear  of  its  surface,  or  use  the  sides,  with  the 
liability  of  being  overturned.  The  evidence  of  coach- 
masters  and  others,  taken  before  the  committee  of  the 
House  of  Commons,  and  appended  to  the  report  already 
quoted  from,  fully  bears  out  the  view  here  taken,  and 
shows  that  many  accidents  have  arisen  from  the  practice 
of  forming  roads  with  an  excessive  amount  of  convexity. 

With  reference  to  the  above  remarks,  it  is  only  intended 
to  express  disapproval  of  the  practice  of  forming  roads 
with  cross  sections  rounding  in  an  extreme  degree  and 
not  to  advocate  a  perfectly,  or  nearly,  flat  road,  as  many, 
who  have  fallen  into  the  opposite  error,  have  done.  It  is 
recommended,  as  the  best  form  which  could  be  given  to  a 
road,  that  its  cross  section  should  be  formed  of  two  straight 
lines  inclined  at  the  rate  of  about  1  in  30,  and  connected 
at  the  middle  or  crown  of  the  road  by  a  segment  of  a 
circle,  having  a  radius  of  about  90  feet.  This  form  of 
section  is  shown  in  Fig.  22,  and  the  rate  of  inclination 
there  given  is  quite  sufficient  to  keep  the  surface  of  a 
road  drained,  provided  it  is  maintained  in  good  order, 
free  from  ruts.  If  the  maintenance  is  neglected,  no 
degree  of  convexity  which  can  be  given  to  the  road  will 
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be  of  any  avail,  as  the  water  will  remain  in  the  hollows  or 
furrows. 

The  form  of  cross  section  here  suggested  is  equally 
adapted  to  all  widths  of  road,  as  the  straight  lines  have 
merely  to  be  extended  at  the  same  rate  of  inclination, 
until  they  meet  the  sides  of  the  road. 

Professor  Mahan  is  of  the  same  opinion  with  respect  to 
the  proper  section  of  a  road — namely,  that  it  should  be 
formed  of  two  straight  sides,  connected  at  the  middle  by  a 
flat  circular  arc.  The  slope  which  he  recommends  is  1  in 
48,  or  1  inch  in  4  feet. 

With  regard  to  the  form  which  should  be  given  to  the 
bed  upon  which  the  road  is  to  be  formed,  a  similar  dif- 
ference of  opinion  exists  as  to  whether  it  should  be  flat 
or  rounding.  Except  where  the  surface  upon  which  the 
road  is  to  be  formed  is  a  strong  clay,  or  other  soil  imper- 
vious to  water,  no  benefit  results  as  far  as  drainage  is  con- 
cerned, in  making  the  formation-surface  or  bed  of  the  road 
convex.  It  should  be  borne  in  mind  that,  after  the  road 
materials  are  laid  upon  the  formation-surface,  and  have 
been  for  some  time  subjected  to  the  pressure  of  heavy 
vehicles  passing  over  them,  they  become,  to  a  certain 
extent,  intermixed :  the  road  materials  are  forced  down 
into  the  soil,  and  the  soil  works  up  amongst  the  stones, 
and  the  original  line  of  separation  becomes  entirely  lost. 
If  the  surface  upon  which  the  road  materials  are  laid 
were  to  remain  a  distinct  flat  surface,  perfectly  even  and 
regular,  into  which  the  road  materials  could  not  be  forced, 
then  it  would  be  useful  to  give  such  an  inclination 
to  it  as  would  allow  any  water  which  might  find  its  way 
through  the  crust  or  covering  of  the  road,  to  run  off 
to  the  sides.  Even  so,  it  would  have  to  force  a  passage 
between  the  road  materials  and  the  surface  on  which 
they  rest.  Such  is,  however,  far  from  being  the  case ; 
and,   therefore,   unless  under  peculiar  circumstances,  no 
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water  which  finds  its  way  through  the  hard  compact  surface 
of  the  road  itself  is  arrested  by  the  comparatively  soft  sur- 
face of  its  bed,  and  carried  off  into  the  side  ditches,  what- 
ever the  slope  which  might  be  given  to  the  bed.  While, 
however,  it  is  believed,  that,  as  far  as  drainage  is  con- 
cerned, it  is  useless  to  form  the  bed  or  formation  surface 
of  the  road  with  a  transverse  slope,  it  should,  nevertheless, 
be  formed  to  the  same  outline  as  that  recommended  for  the 
outer  surface ;  making  the  two  surfaces  parallel,  and  thus 
bestowing  an  equal  depth  of  road  material  over  every 
portion  of  the  road.  Nevertheless,  some  road-makers  not 
only  recommend  a  less  depth  of  road  materials  to  be  put 
on  the  sides  than  on  the  middle  of  the  road,  but  they 
further  advise  that  an  inferior  description  of  material 
should  be  employed  at  the  sides.  On  this  subject  the 
following  remarks  of  Mr.  Hughes  are  very  much  to 
the  purpose:* — ''A  very  common  opinion  is,  that  the 
depth  of  material  in  the  middle  of  the  road  should  be 
greater  than  at  the  sides,  but,  for  my  part,  I  have  never 
been  able  to  discover  why  the  sides  of  the  road  should  be 
at  all  inferior  to  the  middle  in  hardness  and  solidity.  On 
the  contrary,  it  would  be  a  great  improvement  in  general 
travelling,  if  carriages  could  be  made  to  adhere  more 
strictly  to  the  rule  of  keeping  the  proper  side  of  the  road  ; 
and  the  reasonable  inducement  to  this  practice  is,  obvi- 
ously, to  make  the  sides  equally  hard  and  solid  with  the 
middle.  In  many  roads,  even  where  considerable  traffic 
exists,  the  only  good  part  of  the  road  consists  of  about 
8  or  10  feet  in  the  middle,  the  sides  being  formed  with 
small  gravel  quite  unfit  to  carry  heavy  traffic ;  and  the 
consequence  is,  that  the  whole  crowd  of  vehicles  is  forced 
into  the  centre  track  of  the  road  ;  thus  at  least  doubling 
or  trebling  the  wear  and  tear  which  would  take  place  if 

♦  "The  Practice  of  Making  and  Kepairing  Eoads,"  by  Thomafi 
Hughes,  1838,  page  12. 
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the  sides  were,  as  tliey  ought  to  be,  equally  good  with  the 
centre.  Another  mischievous  consequence  is,  that  when  it 
becomes  necessary  to  repair  the  centre  of  the  road,  the 
carriages  are  driven  off  the  only  good  part  on  to  the  sides, 
which  consist  of  weak  material,  and  are  often  even  dan- 
gerous for  the  passage  of  heavily-laden  stage  coaches.  On 
the  other  hand,  if  equal  labour  and  materials  be  expended 
on  the  whole  breadth  of  the  road,  it  is  evident  that  the 
wear  and  tear  will  be  far  more  uniform  ;  and  when  any 
one  part  requires  repair,  the  traffic  may  with  safety  be 
turned  on  to  another  part.  Hence,  I  should  always  lay  on 
the  same  depth  of  material  all  over  the  road :  and  this 
alone  will  of  course  render  it  necessary  to  curve  the  bed 
of  the  road." 

Great  attention  should  be  paid  to  the  drainage  of  roads, 
with  respect  to  their  upper  surface  as  well  as  to  the  sur- 
face of  the  ground  on  which  they  rest.  To  promote  the 
surface-drainage,  the  road  should  be  formed  with  the 
transverse  section  shown  in  Fig.  22,  and  on  each  side  of 
the  road  a  ditch  should  be  formed  of  sufficient  capacity  to 
receive  all  the  water  which  can  fall  upon  the  road,  and  it 
should  be  of  such  a  depth  and  with  such  a  declivity  as  to 
conduct  the  water  freely  away.  When  footpaths  are  to  be 
constructed  on  the  sides  of  the  road,  a  channel  or  water- 
course should  be  formed  between  the  footpaths  and  the 
road,  and  small  drains,  formed  of  tiles  or  earthern  tubes, 
such  as  are  used  for  underdraining  lands,  should  be  laid 
under  the  footpath,  at  such  a  level  as  to  take  off  all  the 
water  which  may  collect  in  this  channel,  and  convey  it 
into  the  ditch.  In  the  best  constructed  roads,  these  side 
channels  are  paved  with  flints  or  pebbles.  The  drains 
under  the  footpath  should  be  introduced  about  every 
60  feet,  and  should  have  the  same  inclination — namely,  I 
in  30,  as  is  recommended  for  the  sides  of  the  road,  as 
shown  in  Fig.  22.     A  greater  inclination  would  be  objec- 
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tionable.  It  is  a  very  frequent  mistake  to 
give  too  great  a  fall  to  small  drains,  for  such 
a  current  through  them  is  produced  as  may 
wash  away  or  undermine  the  ground  around 
them,  and  ultimately  cause  their  destruction. 
When  a  drain  is  once  closed  by -any  obstruc- 
tion, no  amount  of  fall  which  could  be  given 
to  it  would  suffice  again  to  clear  the  passage  ; 
whilst  a  drain  having  a  considerable  current 
through  it,  would  be  much  more  likely  to  be 
stopped  by  foreign  matter  carried  into  it,  than 
a  drain  with  a  less  rapid  stream. 

When  the  surface  of  a  road,  constructed  of 
suitable  materials,  compactly  laid,  is  drained 
in  the  manner  which  has  just  been  described, 
very  little  water  finds  its  way  to  the  sub- 
stratum. For  some  descriptions  of  soil,  how- 
ever, it  is  desirable  to  adopt  additional  means 
for  maintaining  the  foundation  of  a  road  in  a 
dry  state ;  as,  for  instance,  when  the  surface 
is  a  strong  clay  through  which  no  water  can 
percolate,  or  when  the  ground  beneath  the  road 
is  naturally  of  a  soft,  wet,  or  peaty  nature 
Under  such  circumstances  a  species  of  under- 
drainage  should  be  provided.  When  the  sur- 
face of  the  ground  is  formed  to  the  level 
intended  for  the  reception  of  the  road  materials, 
trenches  should  be  cut  across  the  road  from  a 
foot  to  eighteen  inches  in  depth,  and  about  a 
foot  wide  at  the  bottom,  the  sides  being  sloped 
as  shown  in  Fig.  23.  The  distances  at  which 
these  drains  should  be  formed  depends  in  a 
great  measure  on  the  nature  of  the  soil ;  in  the 
case  of  a  strong  clay  soil,  or  a  soil  which  is 
naturally  very  wet,   there  should  be  a  cross 
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drain  at  intervals  of  20  ft.  As  the  ground  becomes  firmer 
and  drier,  the  interval  may  be  increased  in  length.  A  drain 
not  less  than  4  inches  square  internally  should  be  formed  in 
the  trench,  of  old  bricks,  drain-tiles,  or  flat  stones,  as  shown 
in  Fig.  23  ;  or  the  drain  may  be  formed  by  any  other  mode 
used  for  under-drains ;  ^and  the  remainder  of  the  trench 
should  be  filled  with  coarse  stones  free  from  all  clay  or 

Formation  Surface. 


Fig.  23. 

dirt,  in  the  manner  shown  in  the  figure.  These  drains 
must  have  a  fall  from  the  centre  of  the  road  into  the  ditches 
on  either  side  :  an  inclination  of  1  in  30  will  be  sufficient. 
When  the  road  is  level  in  the  direction  of  its  length,  the 
drains  should  run  square  across ;  but,  on  inclined  portions 
of  the  road,  the  drains  should  be  formed,  as  shown  on  the 


FOOT-PATH 


ROAD-WAY 
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Fig.  24. 

plan,  Fig.  24,  somewhat  in  the  form  of  a  very  flat  Y,  the 
apex  being  in  the  middle  of  the  road,  and  the  drains  mak- 
ing an  obtuse  angle  with  the  line  of  the  road,  in  the  direc- 
tion in  which  it  falls.  The  amount  of  this  angle  should 
not  be  greater  than  is  shown  in  Fig.  24. 

When  a  road  with  footpaths  is  underdrained   in  the 
manner  just  described,  it  is  not  necessary  to  form  drains  from 
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the  side  channel  under  the  foocpath  into  the 
ditch,  as  shown  in  Fig.  22.  It  is  sufficient  to 
carry  up  a  little  shaft,  constructed  in  the  same 
way  as  the  drain,  from  the  drain  to  the  chan- 
nel, covering  the  shaft  with  a  small  grating 
to  prevent  leaves  or  other  substances,  which 
might  choke  the  drain,  from  being  carried  into 
it.  This  method  of  forming  the  drains  is 
shown  at  a  in  Fig.  25. 

The  footpath  should  be  not  more  than  9 
inches  higher  than  the  bottom  of  the  side  chan- 
nel. The  surface  of  the  footpath  should  have 
a  pitch  of  2  inches,  towards  the  side  channels, 
to  convey  its  surface-water  into  them.  When 
the  natural  soil  is  firm  and  sandy,  or  gravelly, 
its  surface  will  serve  for  the  footpath ;  but  in 
other  cases  the  natural  soil  must  be  thrown 
out  to  a  depth  of  6  in.,  and  the  excavation  filled 
with  fine  clean  gravel.  To  prevent  the  foot- 
path from  being  damaged  by  the  current  of 
water  in  the  side  channel,  its  side  slope,  next 
to  the  side  channel,  must  be  protected  by  a 
facing  of  good  sods,  or  of  dry  stone. 

Independently  of  the  drainage  for  marshy 
soils,  they  will  require,  when  the  subsoil  is  of 
a  spongy  elastic  nature,  an  artificial  bed  for 
the  road-covering.  This  bed  may,  in  some 
cases,  be  formed  by  simply  removing  tha 
upper  stratum  to  a  depth  of  several  feet,  and 
supplying  its  place  with  well-packed  gravel, 
or  any  soil  of  a  firm  character.  In  other 
cases,  when  the  subsoil  yields  readily  to  the 
ordinary  pressure  that  the  road-surface  must 
bear,  a  bed  of  brushwood  from  9  to  18  in. 
in    thickness,  must  be  formed  to  receive  the 
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soil  on  whicli  the  road-covering  is  to  rest.  The  brush- 
wood should  be  carefully  selected  from  the  long  straight 
slender  shoots  of  the  branches  or  undergrowth,  and  be 
tied  up  in  bundles,  termed  fascines,  from  9  to  12  in.  in 
diameter,  and  from  10  to  20  ft.  long.  The  fascines  are 
laid  in  alternate  layers  crosswise  and  lengthwise,  and  the 
layers  are  either  connected  by  pickets,  or  else  the  withes, 
with  which  the  fascines  are  bound,  are  cut  to  allow  the 
brushwood  to  form  a  uniform  and  compact  bed. 

This  method  of  securing  a  good  bed  for  structures  on  a 
weak  wet  soil  has  been  long  practised  in  Holland,  and 
experience  has  fully  tested  its  excellence. 


CHAPTEE  V. 

CONSTRUCTION  OF  ROADS. 

It  has  been  maintained,  by  Mr.  Macadam  and  others, 
that  a  soft  and  yielding  foundation  for  a  road  is  better 
than  one  which  is  firm  and  unyielding.  Mr.  Macadam  has 
stated  that  he  "  should  rather  prefer  a  soft  one  to  a  hard 
one ;"  and  even  a  bog,  "if  it  was  not  such  a  bog  as  would 
not  allow  a  man  to  walk  over  it."  *  The  principles  upon 
which  this  opinion  was  founded  were,  that  the  road  on  the 
soft  foundation  being  more  yielding  or  elastic,  the  materials 
of  which  the  covering  of  the  road  was  formed  would  be  less 
likely  to  be  crushed  and  worn  away  by  the  passage  of  a 
heavy  traffic  over  them  than  when  placed  on  a  hard  solid. 
The  contrary  opinion  is,  however,  maintained  by  the  largest 
number  of  advocates ;  and  it  is  certain  that  there  is  no  more 
general  cause  of  bad  roads  than  soft  foundations.  A  firm, 
solid,  and  dry  substratum  is  necessary  for  the  road  mate- 
rials to  rest  upon.  However  good  the  materials  themselves 
may  be,  and  however  much  care  may  be  bestowed  upon 
the  distribution  of  them,  the  material  and  labour  are  of 
no  avail  unless  a  good  foundation  has  been  prepared.  The 
outer  surface  of  the  road  should  be  regarded  merely  as  a 
covering  to  protect  the  actual  working  road  beneath,  which 
should  be  sufiiciently  firm  and  substantial  to  support  the 
whole  of  the  traffic  to  be  carried  over  it.  The  proper  func- 
tion of  the  road  materials  is  to  protect  the  actual  road  from 

*  Paxliamentury  Report,  1819,  p.  23. 
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being  worn  and  injured  by  borses'  feet  and  wheels,  or  by 
the  action  of  the  weather.  This  lower,  or  sub-road,  as  it 
may  be  called,  being  once  properly  constructed,  would  last 
for  ever,  provided  that  the  outer  case  or  covering  is  re- 
newed from  time  to  time,  so  as  to  maintain  a  sufficient 
depth  for  the  protection  of  the  sub-road. 

Roads  may  be  classed  as  follows,  according  to  the  manner 
in  which  the  foundation  is  formed: — 

1st.  Eoads  having  no  artificial  foundation,  but  in  which 
the  covering  materials  are  laid  on  the  surface  of  the 
ground. 

2nd.  Eoads  having  a  foundation  of  concrete. 

3rd.  Roads  having  a  paved  foundation. 
And  each  of  these  might  be  sub-divided  according  to  the 
kind  of  material  employed  as  a  covering. 

The  first  class  of  roads  comprises  by  far  the  largest  pro- 
portion of  the  roads  in  this  country.  But  it  should  only 
be  employed  in  cases  where  the  road  is  not  sufficiently 
important  to  warrant  any  large  expenditure,  and  where 
the  anticipated  amount  of  traffic  is  small. 

Every  care  should  be  taken  to  make  the  road  as  solid  as 
possible.  If  the  ground  is  at  all  of  a  soft  or  wet  nature, 
deep  ditches  should  be  cut  on  each  side  of  the  line  of  the 
road,  and  cross  under -drains  should  be  formed  in  the 
manner  already  described  at  page  76.  And  where  the 
ground  is  very  soft,  a  layer  of  faggots  or  brushwood,  from 
4  to  6  inches  in  depth,  should  be  laid  over  the  surface  of  the 
ground  to  receive  the  road  materials.  For  embankments, 
or  in  other  situations  where  the  ground  has  been  recently 
deposited,  the  surface  should  be  either  rolled  or  punned, 
that  is,  beaten  with  heavy  beetles,  so  as  to  confer  upon  it 
as  great  a  degree  of  solidity  as  possible.  The  same  mode 
of  proceeding  should  be  followed,  even  where  it  is  intended 
to  form  either  a  paved  or  a  concrete  foundation. 

The  employment  of  concrete  composed  of  gravel  and 
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lime  was  first  proposed  by  Mr.  Thomas  Hughes,  and  the 
following  remarks  upon  its  use  are  quoted  from  his  work 
on  roads  : — * 

''The  use  of  lime  concrete,  although  an  introduction  of 
modern  times,  and  certainly  one  of  rather  a  novel  charac- 
ter, derives  its  real  origin  from  a  very  remote  period.  Wei 
have  indisputable  evidence  that  the  Bomans,  in  construct- 
ing their  military  ways,  particularly  in  France,  adopted  the 
practice  of  forming  a  concrete  foundation  composed  of 
gravel  and  lime,  on  which  also  they  placed  large  stones  as 
a  pavement.  The  consequence  of  a  construction  so  solid 
has  been,  that,  in  many  parts  of  Europe,  the  original  bed 
or  crust  of  the  Eoman  roads  is  not  at  the  present  day  en- 
tirely worn  down,  even  after  a  lapse  of  fifteen  centuries. 

"  With  the  view  of  afi'ording  a  modern  example  in  which 
lime  concrete  has  been  used,  I  would  refer  to  the  Brixton 
Road,  where  a  concrete  composed  of  gravel  and  lime  has 
been  recently  applied  by  Mr.  Charles  Penfold,  surveyor  t'6 
the  trust.  In  this  case  the  proportion  of  gravel  to  lime  is 
that  of  four  to  one.  The  lime  is  obtained  from  Merstham 
or  Dorking,  and  before  being  used  it  is  thoroughly  ground 
to  powder.  The  concrete  is  made  on  the  surface  of  the  road, 
and  great  care  is  taken,  when  the  water  is  added,  that  every 
particle  of  the  lime  is  properly  slaked  and  saturated.  The 
bed  of  concrete  having  been  spread  to  the  depth  of  6  inches 
over  the  half  breadth  of  the  road,  the  surface  is  then 
covered  over  with  6  inches  of  good  hard  gravel  or  broken 
stone,  and  this  depth  is  laid  on  in  two  courses,  of  "3  inches 
at  a  time,  the  first  course  being  frequently  laid  on  a  few 
hours  after  the  concrete  has  been  placed  on  the  road.  The 
carriages,  however,  are  not  on  any  account  allowed  to  pass 
over  it  until  the  concrete  has  become  sufiiciently  hard  and 
solid  to  carry  the  traffic  without  suff'ering  the  road  material 
to  sink  and  be  pressed  into  the  body  of  concrete.     On  the 

*  "The  Practice  of  Making  and  Eepairing  Roads,"  p.  44. 
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other  hand,  the  covering  of  gravel  is  always  laid  on  before 
the  concrete  has  become  quite  hard,  in  order  to  admit  of  a 
more  perfect  binding  and  junction  between  the  two  beds 
than  would  take  place  if  the  concrete  were  suffered  to  be- 
come hard  before  laying  on  the  first  covering.  The  bene- 
ficial effect  arising  from  the  practice  of  laying  on  the  gravel 
exactly  at  the  proper  time  is,  that  the  lower  stones,  pressed 
by  their  own  weight,  and  by  those  above  them,  sink  par- 
tially into  the  concrete,  and  thus  remain  fixed  in  a  matrix, 
from  which  they  could  not  easily  be  dislodged.  The  lower 
pebbles  being  thus  fixed,  and  their  rolling  motion  conse- 
quently prevented,  an  immediate  tendency  to  bind  is  com- 
municated to  the  rest  of  the  material — a  fact  which  must 
be  evident,  if  we  consider  that  the  state  called  binding,  or 
rather  that  produced  by  the  linding,  is  nothing  more  than 
the  solidity  arising  from  the  complete  fixing  and  wedging 
of  every  part  of  the  covering,  so  that  the  pebbles  no  longer 
possess  the  power  of  moving  about  and  rubbing  against 
each  other.  It  is  found  that,  in  a  very  few  days  after  the 
first  layer  has  been  run  upon,  the  other,  or  top  covering, 
may  be  applied ;  and,  shortly  afterwards,  the  concrete,  and 
the  whole  body  of  road  material,  becomes  perfectly  solid 
from  top  to  bottom.  The  contrast  thus  presented  to  the 
length  of  time  and  trouble  required  to  effect  the  binding 
of  road  materials  where  the  whole  mass  is  laid  on  loose 
is  alone  a  very  strong  recommendation  in  favour  of  the 
concrete. 

"  The  experiment  of  using  concrete  on  the  Brixton  Eoad, 
although  not  at  present  on  a  very  extensive  scale,  has  been 
tried  under  circumstances  very  far  from  being  favourable, 
and  on  a  part  of  the  road  which  had  hitherto  baffled  every 
attempt  to  make  it  solid.  Since  the  concrete  has  been  laid 
down,  however,  there  is  not  a  firmer  piece  of  road  in  the 
whole  trust." 

Mr.  Penfold  g^ives  the  result  of  an  experiment  made  by 
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him  upon  the  Walwortli  Eoad.  "It  was  raised  by  nine 
inches  of  concrete,  and  six  of  granite  and  Kent'ish  rag- 
stone  mixed ;  and  in  some  parts  it  was  covered  by  rag  and 
flints.  The  improvement  is  so  great,  with  respect  to  the 
draught,  and  so  desirable  with  respect  to  the  saving  in  the 
annual  repair,  that  the  trust  have  directed  it  to  be  applied 
to  upwards  of  two  miles  of  road  upon  which  the  greatest 
traffic  exists."  * 

One  of  the  principal  advantages  attending  the  employ- 
ment of  concrete  as  a  foundation  for  roads  is,  that  a  good 
and  solid  road  may  be  made  with  materials,  such  as  round 
pebbly  gravel,  which,  on  any  other  mode  of  application, 
would  be  ill-suited  to  the  purpose,  and  would  form  a  very 
imperfect  road.  This  description  of  gravel  is  that  which 
is  by  far  the  most  frequently  met  with.  The  gravel 
selected  for  this  purpose  should  be  free  from  any  kind  of 
dirt,  clay,  or  other  impurity,  and  should  consist  of  stones 
and  sand,  mixed  in  about  such  proportions  that  the  latter 
would  just  fill  the  interstices  of  the  former.  The  gravel 
should  then  be  mixed  with  the  proper  quantity  of  ground 
unslaked  lime — in  ordinary  cases  five  or  six  parts  of 
gravel  and  one  of  lime  will  be  found  to  answer ;  after 
which,  sufficient  water  being  added  to  effect  the  slaking 
of  the  lime,  the  whole  should  be  quickly,  but  thoroughly, 
mixed  up,  and  then  immediately  thrown  into  place,  and 
trimmed  off  at  once  to  the  proper  form  intended  to  be 
given  to  its  upper  surface  ;  the  first  layer  of  broken  stones 
or  screened  gravel  should  then,  as  Mr.  Hughes  directs,  be 
placed  just  as  the  concrete  is  about  to  set. 

The  third  mode  of  forming  an  artificial  foundation  was 
introduced  by  Mr.  Telford.  It  consists  in  laying  a  rough 
pavement  on  the  top  of  the  formation-surface,  which  is 
afterwards  covered  by  the  road  materials.     The  following 

*  "  Practical  Treatise  on  the  best  Mode  of  Making  and  Repairing 
Roads,"  by  Charles  Pen  fold,  p.  31. 
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is  an  extract  from  one  of  Mr.  Telford's  specifications  for  a 
portion  of  the  Holyhead  Eoad : — "  Upon  the  level  bed  pre- 
pared for  the  road  materials,  a  bottom  course  or  layer  of 
stones  is  to  be  set  by  hand,  in  form  of  a  close,  firm  pave- 
ment ;  the  stones  set  in  the  middle  of  the  road  are  to  be 
7  inches  in  depth :  at  9  feet  from  the  centre,  5  inches ;  at 
12  from  the  centre,  4  inches;  and  at  15  feet,  3  inches. 
They  are  to  be  set  on  their  broadest  edges  lengthwise 
across  the  road,  and  the  breadth  of  the  upper  edge  is  not 
to  exceed  4  inches,  in  any  case.  All  the  irregularities  of 
the  upper  part  of  the  said  pavement  are  to  be  broken  off 
by  the  hammer,  and  all  the  interstices  to  be  filled  with 
stone  chips,  firmly  wedged  or  packed  by  hand,  with  a  light 
hammer  ;  so  that  when  the  whole  pavement  is  finished, 
there  shall  be  a  convexity  of  4  inches  in  the  breadth  of 
15  feet  from  the  centre."  * 

The  stone  which  Telford  employed  for  this  purpose,  was 
generally  such  as  would  have  been  totally  unfit  for  most 
other  purposes,  whether  on  account  of  its  inferior  quality, 
or  the  smallness  of  its  dimensions.  In  comparing  the  two 
methods  of  forming  artificial  foundations  of  roads,  regard 
must  be  had  to  the  nature  of  the  materials  found  in  the 
locality  in  which  the  road  is  to  be  formed.  Where  stone  is 
plentiful,  and  easily  procured,  the  paved  foundation  would 
be  the  best;  whilst,  where  stone  is  scarce,  and  gravel 
and  lime  abundant,  the  preference  must  be  given  to  the 
concrete  foundation. 

The  foundation  of  the  road  having  been  prepared,  the 
next  proceeding  is,  to  lay  a  firm  and  compact  covering 
upon  the  foundation,  to  form  a  smooth  surface  for  carriages 
to  travel  upon.  The  materials  of  which  the  covering  is 
composed  should  possess  the  property  of  becoming  quickly 
united  into  one  solid  mass,  of  which  the  surface  should  be 
smooth  and  hard,  and  at  the  same  time  not  liable  to 
*  Sir  H.  Parnell  on  Roads,  p.  133. 
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be  broken  to  pieces,  or  ground  into  dust,  by  wheels  or 
horses'  feet.  The  materials  which  have  been  employed  for 
this  purpose  are  of  two  kinds ;  angular  fragments  of 
broken  stone  of  different  sorts,  and  gravelly  pebbles.  It  is 
essential  to  the  formation  of  a  good  road  that  the  distinc- 
tion here  pointed  out  be  always  kept  clearly  in  view, 
because  a  totally  different  mode  of  proceeding  must  be 
adopted  to  form  a  perfect  road  with  these  two  classes  of 
material.  The  want  of  attention  to  the  distinction  here 
pointed  out  has  led  to  much  discussion  and  misapprehen- 
sion on  the  employment  of  clay,  chalk,  or  other  material, 
as  a  binding  upon  roads. 

If  the  materials  of  which  the  covering  is  to  be  formed 
are  in  angular  masses,  no  binding  of  any  description  is 
requisite ;  as  they  quickly  become  united  by  dovetailing, 
as  it  were,  amongst  each  other — much  more  firmly  than 
they  would  by  the  use  of  any  kind  of  artificial  cement. 

When  the  stones,  instead  of  being  angular,  are  round 
and  pebbly,  like  gravel  stones,  it  is  necessary  to  mix  with 
them  just  sufficient  foreign  matter,  of  a  binding  nature,  as 
will  serve  to  fill  up  the  interstices  between  the  stones,  for 
otherwise  these  would  roll  about,  and  would  prevent  the 
road  from  becoming  solid. 

There  are,  then,  two  methods  of  cementing  or  solidifying 
the  surface  of  a  road :  one,  by  the  mechanical  form  of  the 
materials  themselves  forming  a  species  of  bond ;  the  other, 
by  the  use  of  some  cementing  or  binding  matter.  And  in 
comparing  the  relative  merits  of  the  two,  the  preference 
must  certainly  be  given  to  the  former,  that  in  which  the 
stones  are  united  in  virtue  of  their  angular  form,  without 
the  use  of  any  cementing  material.  The  principal  reason 
for  this  preference  is,  that  roads  formed  with  stones  so 
united,  are  not  materially  affected  by  wet  or  frosty 
weather ;  whereas,  roads  whose  surfaces  are  composed  of 
pebbly  stones  united  by  cementing  material,  become  loose 
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and  rotten  under  such  circumstances  :  the  cementing  mate- 
rial becoming  softened  by  the  wet,  and  reduced  to  a  loose 
pulverulent  condition  by  subsequent  frost. 

The  first  method,  that  of  forming  the  road-covering 
entirely  with  angular  pieces  of  stone,  without  any  other 
material,  was  first  strongly  recommended  by  Mr.  Macadam, 
and  subsequent  experience  has  shown  its  superiority  over 
every  other  which  has  been  employed.  The  most  im- 
portant quality  in  stone  for  road-making  is  toughness  :  mere 
hardness  without  toughness  is  of  no  use,  as  such  stone  be- 
comes rapidly  reduced  to  powder  by  the  action  of  wheels. 
Those  stones  which  have  been  found  to  answer  this  pur- 
pose best  are,  the  whinstones,  basalts,  granites,  and  beach 
]3ebbles.  The  softer  descriptions  of  stone,  such  as  the 
sandstones,  are  not  fitted  for  this  purpose,  being  far  too 
weak  to  resist  the  crushing  action  of  wheels.  The  harder  and 
more  compact  limestones  may  be  employed ;  but,  generally 
speaking,  the  limestones  are  to  be  avoided,  in  consequence 
of  their  great  affinity  for  water,  by  which  in  frosty 
weather,  which  has  been  preceded  by  wet,  they  are  split 
up  into  powder,  when  the  solidity  of  the  road  is  de- 
stroyed. 

Next  in  imjDortance  to  the  quality  of  the  stone  is  its 
preparation.  This  consists  in  reducing  it  to  angular  frag- 
ments of  such  a  size  that  they  will  pass  freely  through  a 
ring  of  2  5  inches  in  diameter,  in  every  direction  ;  that  is, 
that  their  largest  dimensions  shall  not  exceed  that  mea- 
sure. 

The  stone  thus  prepared,  should  be  evenly  spread  over 
the  surface  prepared  for  the  foundation  of  the  road,  to  a 
depth  of  about  6  inches  ;  and  the  road  should  then  be 
opened  for  traffic.  In  Mr.  Telford's  specifications,  he 
usually  directed  that,  on  the  top  of  this  coating  of  broken 
stone,  a  layer  of  good  clean  gravel,  about  H  inch  in 
depth,  should  be  spread  before  throwing  the  road  open  for 
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use.  The  reason  for  this  practice  was,  to  lessen  the  ex- 
treme unevenness  of  the  surface,  and  to  render  the  road 
more  pleasant  to  pass  over  when  first  opened.  It  would 
be  better,  however,  for  the  public  to  put  up  with  the  tem- 
porary inconvenience  of  a  rough  road,  because  the  gravel 
does  a  permanent  injury  to  the  road,  and  reduces  in  a 
considerable  degree  the  facility  with  which  the  stones 
unite  into  a  compact,  solid  mass. 

Broken  stone,  being  superior  to  gravel  for  the  purpose 
of  road-making,  should  always  be  emj)loyed  where  it  can 
be  easily  obtained.  The  quality  of  gravel  varies  so  consider- 
ably, that  while  some  kinds  may,  when  properly  prepared, 
form  a  very  excellent  road,  others  may  be  entirely  worth- 
less ;  such  as  those  kinds  of  gravel  the  stones  composing 
which  are  of  the  sandstones  and  flints,  for  even  flints, 
although  hard,  are  so  excessively  brittle  as  to  be  immedi- 
ately crushed  by  the  passing  of  the  wheels  over  them. 
The  gravel  when  taken  from  the  pit  should  be  passed  over 
a  screen  which  will  allow  all  stones  less  than  f  of  an  inch 
to  pass  through  it,  and  the  fine  stuff,  or  hoggin,  as  it  is 
technically  termed,  thus  obtained,  should  be  reserved  for 
forming  the  footpaths ;  the  remainder,  which  has  not 
passed  through  the  screen,  should  have  all  the  stones 
whose  greatest  dimension  is  more  than  2^  inches  removed 
and  broken,  and  it  would  be  desirable  that  these  broken 
stones  should  be  reserved  for  the  upper  layer.  In  screen- 
ing the  gravel,  especially  as  it  comes  from  the  pit,  a  cer- 
tain portion  of  loam  is  generally  found  adhering  to  the 
stones,  and  this  should  by  no  means  be  separated  from 
them,  for,  although  angular  broken  stones  require  no 
extraneous  substance  to  cause  them  to  bind,  the 
pebbles  of  which  most  gravel  is  composed,  require  a  cer- 
tain amount  of  loam,  clay,  or  chalk,  to  fill  up  the  inter- 
stices between  the  stones,  and  to  prevent  them  from  being 
rolled  about,   as   they  otherwise  would  be.     The  gravel 
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thus  prepared  by  screening  should  be  laid  on  and  spread 
to  a  uniform  depth  of  not  more  than  6  inches  over  the 
whole  surface. 

On  this  subject,  Mr.  Hughes  says  :* — '^  Inlaying  on  this 
upper  covering  many  surveyors  commit  a  great  error  in 
not  making  a  distinct  difference  between  angular  or 
broken  stones  and  those  rounded  smooth  pebbles  of  which 
gravel  is  usually  composed.  The  former  cannot  be  too 
well  cleaned  before  being  laid  on  the  road,  because,  even 
when  entirely  divested  of  all  earthy  matter,  they  soon 
become  wedged  and  bound  closely  together  when  the  pres- 
sure of  carriages  comes  upon  them.  But  the  case  is  dif- 
ferent with  the  smooth,  round  surfaces  of  gravel ;  for  if 
this  material  be  entirely  cleaned  by  means  of  washing 
and  repeated  siftings,  the  pebbles  will  never  bind,  until 
in  a  great  measure  they  become  ground  and  worn  down 
by  the  constant  pressure  and  rubbing  against  each  other. 
Before  this  takes  place,  the  surface  of  the  road  must  be 
considerably  weakened,  and  will,  in  fact,  be  incapable  of 
supporting  the  pressure  of  heavy  wheels,  which  conse- 
quently sink  into  it,  and  meet  with  considerable  resistance 
to  their  progress.  Under  these  circumstances,  it  seems 
that  the  practice  of  too  scrupulously  cleaning  the  rounded 
pebbles  of  gravel  must  be  decidedly  condemned ;  and  the 
question  then  arises,  to  what  extent  should  the  cleaning 
process  be  dispensed  with  ?  or,  in  other  words,  what  pro- 
portion of  the  binding  material  found  in  the  rough  gravel, 
as  taken  out  of  the  pit,  should  be  allowed  to  remain  in  the 
mass  intended  to  be  placed  on  the  road  ?  *  *  *  A  long 
course  of  experience,  accompanied  by  attentive  observa- 
tions on  these  details  in  the  practice  of  road-making,  has 
convinced  me  that  it  is  much  better  and  safer,  as  a  general 
rule,  to  leave  too  much  of  the  binding  material  in  the 

♦  *'  The  Practice  of  Making  and  Kepairing  Roads,"  p.  lo. 
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gravel  than  to  divest  it  too  completely  of  this  substance- 
When  the  gravel  is  placed  on  a  road  without  being  suffi- 
ciently cleaned,  the  constant  wear  and  tear,  aided  by  the 
occurrence  of  wet  weather,  causes  the  harder  material  or 
actual  gravel  to  be  pressed  close  together ;  and  the  surplus 
of  soft  binding  material  remaining  after  the  interstices  be- 
tween the  pebbles  are  filled  up,  being  then  forced  to  the 
top,  and  usually  mixed  with  water,  becomes  mud,  and 
according  to  the  usual  practice  should  be  scraped  to  the 
sides  of  the  road.  When  this  has  been  done,  the  surface 
is  usually  firm  and  solid ;  because  the  hard  gravel  below 
the  mud  has  become  perfectly  bound,  without,  at  the  same 
time,  being  broken  or  ground  to  pieces.  Suppose,  next, 
a  road  covered  with  gravel,  too  much  cleaned,  where  it  is 
evident  that  the  destruction  of  the  gravel  will  continue 
until  it  becomes  broken  into  angular  pieces,  and  a  suffi- 
cient quantity  of  pulverised  material  has  been  formed  to 
hold  the  stones  in  their  places  and  thus  to  effect  the  bind- 
ing of  the  mass.  I  need  hardly  say,  that  the  deterioration 
thus  occasioned  to  the  road  is  an  evil  of  much  more  im- 
portance, and  one  much  more  to  be  avoided,  than  that 
occasioned  by  employing  stones  not  sufficiently  cleaned. 
Regardless  of  all  this,  however,  it  is  the  practice  of  many 
road-surveyors  to  insist  that  all  gravel,  of  whatever  quality, 
shall  be  rendered  perfectly  clean  by  repeated  siftings,  and 
even  by  washing,  until  it  becomes  entirely  divested  of  all 
that  may  properly  be  considered  the  binding  part  of  the 
material." 

Particular  care  and  attention  is  required  to  be  given  to 
new  roads  when  opened  for  traffic ;  a  sufficient  number  of 
men  should  be  employed  to  keep  every  rut  raked  in  the 
moment  it  appears,  and  guards  or  fenders  should  be  placed 
on  the  road,  in  order  that  vehicles  may  be  caused  to  pass 
over  every  part  of  the  surface  in  turn.  If  these  precautions 
are  not  taken,  years  may  elapse  before  the  road  attains  a 
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firm  condition ;  and  many  roads  have  been  permanently 
ruined  through  want  of  sufficient  attention  when  first  used. 
When  ruts  are  once  formed,  vehicles  using  the  road  keep 
in  the  same  track,  deepening  and  increasing  the  rut.  In 
wet  weather,  the  rut  is  filled  with  water,  which,  having  no 
other  means  of  escape,  slowly  penetrates  the  sides  and 
bottom  of  the  rut,  rendering  them  so  soft  as  to  be  more 
susceptible  to  the  action  of  every  succeeding  carriage. 
Ruts  thus  formed,  involve  a  much  larger  outlay  to  repair 
the  injury  than  that  which  would  have  been  sufficient  to 
prevent  it ;  besides  the  inconvenience,  danger,  and  ex- 
pense to  the  public,  in  travelling  on  a  road  in  such  a 
condition. 

Amongst  the  substances  which  were  mentioned  as  bind- 
ing material  to  be  mixed  with  clean  gravel,  was  chalk. 
Many  roads  have  been  ruined  by  its  improper  use.  There 
are  two  modes  in  which  chalk  may  be  advantageouslj'- 
employed  in  the  construction  of  roads.  It  may  be  laid  in 
the  very  bottom  of  the  road,  to  form  the  foundation ;  but  it 
must  be  at  such  a  depth  as  to  be  entirely  beyond  the 
influence  of  frost,  otherwise  it  will  quickly  destroy  the 
road,  for  chalk  has  a  very  powerful  affinity  for  water ;  or 
rather,  to  speak  more  correctly,  capillary  attraction  for  it, 
in  consequence  of  which  it  readily  absorbs  all  the  moisture 
which  finds  its  way  through  the  road  covering.  Herein 
consists  the  value  of  chalk  if  judiciously  applied,  for  the 
water  thus  absorbed  would  otherwise  penetrate  to  the 
foundation  of  the  road  and  render  it  soft.  If,  however, 
the  chalk  be  placed  within  the  reach  of  frost,  the  water, 
which  is  only  mechanically  held  by  the  chalk,  will,  in  the 
act  of  congealing,  expand,  and  by  so  doing  rend  the  chalk 
into  fragments;  and  reduce  it,  in  fact,  to  a  pulverulent  state, 
in  which  condition  it  is  changed  by  the  succeeding  thaw 
into  a  soft  paste  or  mud.  The  other  purpose  for  which 
chalk  may  be  employed  is,   as  before  mentioned,   to   be 
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mixed  with  gravel  in  order  to  make  it  bind ;  though,  in 
using  chalk  for  this  purpose,  it  is  only  required  when  the 
gravel  is  perfectly  clean  and  free  from  other  binding 
matter.  The  mixing  of  chalk  with  gravel  already  contain- 
ing sufficient  clay  or  loam  is  not  only  useless,  but  is  posi- 
tively injurious ;  and,  even  when  the  gravel  is  of  such 
a  nature  as  to  require  the  intermixture  of  chalk,  care 
should  be  taken  not  to  add  too  much  chalk,  for  it  is  not 
with  chalk  as  with  the  loam  or  clay,  with  which  gravel  is 
naturally  combined.  Clay,  generally  speaking,  possesses 
little  power  of  absorbing  water,  but  the  superabundant 
chalk  would  soon  be  reduced  to  the  state  of  a  soft  paste 
by  the  action  of  the  weather,  in  the  manner  which  has 
been  described.  Chalk,  therefore,  if  used  as  a  binding 
material  with  gravel,  on  the  surface  of  roads,  should  be 
reduced  to  a  state  of  powder,  and  should  be  perfectly  and 
thoroughly  mixed  with  the  gravel  before  the  latter  is  spread 
on  the  road. 

Although  the  use  of  bushes  or  bundles  of  faggots  has 
been  recommended  for  the  foundation  of  roads  over  very 
soft  or  boggy  ground,  they  should  only  be  employed  in 
such  a  situation,  and  they  should  be  placed  at  such  a  depth 
below  the  surface,  as  will  ensure  their  always  being  damp  ; 
for  when  they  are  placed  where  they  would  be  alternately 
wet  and  dry,  they  quickly  become  rotten,  and  form  a  soft 
stratum  beneath  the  road. 

Note  by  the  Editor. — Mr.  Walker,*  in  1819,  speaking 
of  the  great  advantage  of  filling  up  or  grouting  the  joints 
of  granite  pavement  with  lime-water,  which  finds  its  way 
into  the  gravel  between  and  imder  the  stones,  and  forms 
the  whole  into  a  concrete  mass,  made  a  suggestion  of  value, 
in  recommending,  for  the  same  pui'pose,  a  mixture  of  a 

*  Evidence  before  the  Select  Committee  on  the  Highways  of  the 
Kingdom,  1819. 
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little  of  the  borings  or  clippings  of  iron,  or  small  scraps  of 
h.oop-iron,  with,  the  gravel  used  in  filling  up  the  joints  of  the 
paving.  The  water  would,  he  said,  very  soon  create  an  oxide 
of  iron,  and  form  the  gravel  into  a  species  of  rock.  ' '  I  have 
seen,"  he  adds,  "  a  piece  of  rusty  hoop  taken  from  under 
water,  to  which  the  gravel  had  so  connected  itself,  for  4 
or  5  inches  round  the  hoop,  as  not  to  be  separated  without 
a  small  blow  of  a  hammer.  And  the  cast-iron  pipes  which 
are  laid  in  moist  gravel,  soon  exhibit  the  same  tendency," 


CHAPTEE  VI. 

ON  EEPAIRINQ  AND  IMPROVING  EOADS. 

The  improvement  of  existing*  roads  may  be  divided  into 
two  distinct  branches ;  namely,  the  improvement  of  their 
general  course  and  levels,  and  the  improvement  of  the 
materials  of  the  road.  The  first  of  these  consists  in  the 
application  of  the  principles  which  have  been  laid  down  for 
the  construction  of  new  roads,  and  consists  generally  in 
straightening  their  course  by  extinguishing  unnecessary 
curves  and  bends ;  improving  their  levels  by  either  avoid- 
ing or  cutting  down  hills,  and  embanking  valleys ;  increas- 
ing their  width,  where  requisite,  and  rendering  it  uniform 
throughout. 

With  regard  to  the  improvement  of  the  surface,  the 
operations  may  consist  in  reducing  the  transverse  section 
to  the  form  shown  in  Fig.  22,  page  75,  filling  up  all  ruts, 
cleansing  and  deepening,  if  necessary,  the  side  ditcjies, 
cutting  down  trees  or  hedges  by  the  side  of  the  road, 
removing  mud-banks  which  but  too  often  exist  on  the 
road-sides,  and  placing  proper  materials  on  its  surface. 

Of  all  these,  the  most  important  to  explain,  because  the 
most  difficult  to  effect,  and  the  least  generally  understood, 
is  the  method  by  which  the  condition  of  the  surface  of  the 
road  may  be  improved.  In  the  practice  of  many  surveyors, 
the  remedy  for  a  bad  road  is  to  heap  on  fresh  material ; 
whereas,  as  Mr.  Macadam  has  very  justly  observed,* 
"  Generally,  the  roads  of  the  kingdom  contain  a  supply 
*  Parliamentary  Report,  1819,  p.  21. 
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of  materials  sufficient  for  their  use  for  several  years,  if 
they  were  properly  lifted  and  applied."  Generally  speak- 
ing, the  cause  of  inferiority  is  the  imperfect  transverse 
form  of  the  roads,  and  the  improper  manner  in  which  the 
road-materials  are  used.  The  remedial  measures  to  be 
adopted  must,  in  a  great  degree,  depend  upon  the  nature 
of  the  materials  composing  the  upper  surface  of  the  road ; 
but,  whatever  these  may  be,  the  road  must  be  brought  to 
the  proper  form  of  section  before  much  improvement  can 
be  expected.  This  should  be  done  by  cutting  down  those 
parts  which  are  too  high,  and  raising  the  depressed  parts. 
But  where  the  surface  of  the  road  is  so  rotten  or  brittle 
that  the  materials  lifted  are  not  fit  to  be  again  used,  the 
renewal  may  be  done  gradually,  and  rather  by  the  addition 
of  fresh  material  to  the  lowest  parts.  Unless  the  materials 
of  which  the  road  has  been  formed  are  found  to  be  brittle 
or  rotten,  or  to  be  already  very  thin,  the  course  to  be  pur- 
sued is  that  which  is  technically  termed  "  lifting  the  road," 
which  consists  in  loosening  and  turning  the  surface  of  the 
road  to  a  depth  of  about  4  in.,  and  carefully  removing  such 
portions  of  the  materials  as  may  be  found  in  an  improper 
state ;  such  as  large  stones,  which  should  be  broken  into 
pieces  of  the  proper  dimensions,  and  then  restored  to  the 
road.  Where,  however,  the  materials  of  the  road  are  of 
such  a  nature  that  in  lifting  they  would  crumble  or  fall  to 
powder,  a  different  mode  of  proceeding  must  be  adopted  : 
the  surface  of  the  road  must  be  carefully  cleared  of  mud* 
and  dirt,  and  fresh  material,  prepared  as  described  in  the 
preceding  chapter,  should  be  laid  on  in  a  very  thin  coat, 
never  exceeding  at  one  time  3  inches,  and,  under  ordinary 
circumstances,  not  more  than  2  inches  in  thickness.  Where 
the  surface  of  a  road,  although  hard,  is  found  to  be  very 
thin,  it  is  necessary,  instead  of  lifting  the  old  materials,  to 
add  a  fresh  coat;  and,  preparatory  to  doing  this,  it  is 
A' ell  to  loosen  the  surface  of  the  road  with  a  pick,  so  that 
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the  new  material  may  become  more  rapidly  incorporated 
with  the  old  material. 

Autumn  is  the  best  season  of  the  year  for  repairing 
roads,  when  they  are  in  a  wet  state,  for  the  depressed  and 
soft  parts  of  the  road  are  then  not  only  the  most  readily 
detected,  but  the  surface  of  the  road  is  softer,  and  the  new 
materials  are  more  easily  worked  into  it.  As  was  observed, 
the  quantity  laid  on  at  one  time  should  never  exceed 
3  inches  in  depth  ;  and,  generally  speaking,  a  half,  or  even 
a  third,  of  this  thickness  would  suffice,  if  judiciously  em- 
ployed. It  is  certain  that  roads  are  more  frequently  spoilt 
by  having  too  much  material  put  upon  them  than  by  having 
too  little.  On  this  subject  Mr.  Penfold,  whose  experience  in 
road-making  cannot  be  questioned,  remarks: — ''It  is  one 
of  the  greatest  mistakes  in  road-making  that  can  be  com- 
mitted, to  lay  on  thick  coats  of  materials,  and  when  under- 
stood, it  will  no  longer  be  resorted  to.  If  there  be  substance 
enough  already  in  the  road,  which,  indeed,  should  always 
be  carefully  kept  up,  it  will  never  be  right  to  put  on  more 
than  a  stone's  thickness  at  a  time.  A  cubic  yard,  nicely 
prepared  and  broken,  as  before  described,  to  a  rod  super- 
ficial, will  be  quite  enough  for  a  coat,  and  will  be  found  to 
last  as  long  as  double  the  quantity  put  on  un^orepared  and 
in  thick  layers.  There  is  no  grinding  to  pieces  when  so 
applied ;  the  angles  are  preserved,  and  the  material  is  out 
of  sight  and  incorporated  in  a  very  little  time.  Each  stone 
.becomes  fixed  directly,  and  keeps  its  place  :  thereby  escap- 
ing the  wear  and  fretting  which  occur  in  the  other  case."* 

Although  autumn  is  the  best  time  of  the  year  for  repair- 
ing roads,  it  is  not  to  be  assumed  that  it  is  the  only  season 
for  executing  repairs.  Beads  should,  so  to  speak,  be 
always  under  repair :  every  road  should  be  divided  into 
lengths,   on  each  of  which  an  intelligent  labourer,  who 

*  '*  A  Practical  Treatise  on  the  best  Mode  of  ]\laking  and  Kepaiiing 
Koads,"  p.  15. 
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thorougUy  understands  his  business,  should  be  placed,  to 
attend  constantly  and  at  all  times  to  the  state  of  the  road, 
for  which  he  should  be  held  responsible.  His  duty  should 
consist  in  keeping  the  road  always  scraped  clean  and  free 
from  mud,  in  filling  any  ruts  or  hollow  places,  the  moment 
they  make  their  appearance,  with  broken  stones.  A  supply 
of  broken  stones  should  be  kept  in  depots  or  recesses  formed 
at  the  sides  of  the  road  at  intervals  of  a  quarter  of  a  mile. 
The  depots  should  be  capable  of  containing  about  30  cubic 
yards  of  material,  and  should  be  formed  with  walls,  so 
that  the  quantity  of  material  in  them  can  be  easily  mea- 
sured. Each  man  should  be  provided  with  a  wheelbarrow, 
a  shovel,  a  pickaxe,  and  a  scraper.  As  autumn  approaches, 
additional  labourers  should  be  engaged ;  but  the  constant 
labourers  should  alone  be  responsible  for  the  good  order  of 
the  road. 

Not  only  should  the  mud  formed  in  wet  weather  be 
carefully  scraped  off  from  the  surface  to  the  sides,  and  re- 
moved altogether  as  soon  as  it  becomes  sufficiently  solid, 
but  in  dry  weather  the  roads  should  be  constantly  and 
regularly  watered.  After  a  long  season  of  drought,  the 
surface  of  a  road  becomes,  as  it  were,  baked :  and  in  this 
state,  being  brittle,  it  is  quickly  injured  and  worn  to  dust 
by  constant  traffic.  But  a  regular  and  moderate  supply  of 
water  entirely  obviates  this  undue  wear,  and  preserves  the 
road  in  a  proper  state.  Care  should  be  taken  that  the 
water  is  properly  applied,  as  much  injury  may  be  done  by 
the  water  being  discharged  in  too  great  quantity,  or  un- 
evenly distributed.  The  manner  in  which  the  water 
should  be  poured  upon  the  road  should  resemble,  as  nearly 
as  possible,  a  gentle  shower  of  rain.  The  system  of  water- 
ing roads  in  particular  conditions,  even  in  winter,  has  been 
practised  with  advantage,  as  is  shown  by  the  following  ex- 
tract from  the  evidence  of  Mr.  Benjamin  Farey,  surveyor 
of  the  Whitechapel  Eoad,  before  the  Committee  of  tho 


ON    REPAIRING    AND    IMPROVING    ROADS.  97 

House  of  Commons : — '^  The  wheels  stick  to  the  materials, 
in  certain  states  of  the  road,  in  spring  and  autumn,  when 
it  is  between  wet  and  dry,  particularly  in  heavy  foggy 
weather,  and  after  a  frost ;  by  which  sticking  of  the  wheels 
the  Whitechapel  Boad  is  often,  in  a  short  time,  dreadfully 
torn  up  and  loosened ;  and  it  is  for  remedying  this  evil 
that  I  have,  for  more  than  eight  years  past,  occasionally 
watered  the  road  in  winter.  As  soon  as  the  sticking 
and  tearing-up  of  the  materials  is  observed  to  have  com- 
menced, several  water-carts  are  employed  upon  these  parts 
of  the  road,  to  wet  the  loamy  and  glutinous  matters  so 
much  that  they  will  no  longer  adhere  to  the  tire  of  the 
wheels,  and  to  allow  the  wheels  and  the  feet  of  the  horses 
to  force  down  and  again  fasten  the  gravel-stones ;  the 
traffic,  in  the  course  of  from  four  to  twenty  hours  after 
.catering,  forms  such  a  sludge  on  the  surface  as  can  be 
easily  raked  off  by  wooden  scrapers,  which  is  performed  as 
quickly  as  possible ;  after  which,  the  road  is  hard  and 
smooth.  The  advantages  of  this  practice  of  occasional 
winter-watering  have  been  great ;  and  it  might,  I  am  of 
opinion,  be  adopted  with  like  advantages  on  the  other 
entrances  into  London,  or  wherever  else  the  traffic  is  great, 
and  the  gravel-stones  are  observed  to  be  torn  up  by  stick- 
ing to  the  wheels."* 

Proceeding  with  a  description  of  the  tools  or  implements 
employed  in  the  construction  and  repair  of  roads,  the  most 
mportant  of  these  is  the  level  or  plummet-rule  used  for 
forming  the  true  transverse  section  of  the  road.  It  is 
shown  in  Fig.  26,  and  consists  of  a  horizontal  straightedge 
or  bar  a  c,  having  in  the  centre  of  its  length  a  plummet 
D,  for  ascertaining  when  the  straightedge  is  horizontal. 
Thus  far  it  exactly  resembles  an  ordinary  bricklayer's 
level.  A  line  is  drawn  near  the  end  a  of  the  bar,  and  at 
every  4  feet  from  this  line  a  gauge  {a,  3,  c,  d,)  is  fixed  in  a 
♦  Parliamentary  Keport,  1819,  p.  40. 


98 


ON    REPAIRING   AND   IMPROVING    ROADS. 


Length  of  Gauge,  13  ins. 
Slit  for  screw-pill,  7  ins. 


Middle  of  Road. 


dovetailed    groove,     in 
sucli  a  way  as  to  be  ca- 
pable of   being  moved 
np  or  down,    so   as  to 
adjust  the  depths  of  its 
lower    end    below   the 
horizontal   line    of    tlie 
bottom   of  tlie  straight 
edge ;    and    there    are 
thumb   screws    (one  of 
which  is  shown  on  an 
enlarged  scale  in  Fig. 
27)     passing     through 
each  gauge,  by  tighten- 
^  ing  which   the    gauge 
"s  can  be  fixed  when   so 
-^  I  I  adjusted.      When    the 
I  bottoms  of  the  gauges 
^  a,  b,  c,  and  d,  have  been 
^  adjusted   as    shown   in 
S  Pig.   26,   they  will  co- 
incide with  the  surface 
recommended      to     be 
given  to  a  road  30  feet 
in  width,  and  such  as  is 
shown  in  Fig.  22  ;  and, 
in    order    to    ascertain 
whether  the  surface  of 
any  existing  road  is  con- 
structed  to  the  proper 
inclination    and    form, 
it   is  only  requisite   to 
apply  the  level,  which, 
when   placed    perfectly 
horizontal,  by  means  of 
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the  plummet  d,  should  rest  upon  the  road  at  the  lower 
extremity  of  each  of  the  gauges,  a,  I,  c.  and  d.  For 
forming  the  sides  of  roads  of  greater  width  than  30  feet, 
it  would  be  convenient  to  have  a  level  constructed  in  the 
manner  shown  in  Fig.  28,  in  which  a  straightedge  about 
15  feet  long,  has  a  plummet  at  the  centre  of  its  length, 
80  adjusted  that  when  hanging  truly  in  its  place,  the  lower 


Tig.  27.— Gaug-e. 

side  of  the  straightedge  should  be  inclined  from  a  hori- 
zontal line  at  the  rate  of  1  in  30. 

The  pick  used  for  lifting  the  surface  of  roads  is  shown 
in  Fig.  29.  The  bent  iron  head  {a  h)  should  weigh  about 
ten  pounds,  having  a  large  eye  in  the  centre  (c),  in  which 
is  fitted  the  handle,  which  should  be  of  ash,  rather  more 
than  2  feet  in  length ;  one  extremity  {a)  should  be  formed 


rig,  28,— Plummet  Rule.    Inclination  1  in  30. 


like  the  end  of  a  chisel,  while  the  other  (i)  should  terminate 
in  a  blunt  point.     Both  ends  should  be  tipped  with  steel. 

The  most  useful  form  of  shovel  for  road  purposes  is  shown 
in  Fig.  30.  The  blade  should  be  somewhat  pointed,  and 
the  handle  bent,  so  as  to  enable  the  person  using  it  to 
bring  the  blade  flat  upon  the  surface  of  the  road  without 
excessive  stooping. 

The  ordinary  wheelbarrows  are  of  ash  or  elm,  with  cast- 
f2 
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Fig.  29.— Pick. 


iron  wheels;  but  they  may  be  made  of  wrought  iron, 
which  would  combine  strength  and  durability  with  light- 
ness. Of  whatever  material  they  are  con- 
structed, they  should  not  exceed  9  inches  in 
depth,  and  their  sides  should  be  splayed 
with  a  slope  of  2  to  1.  It  is  also  desirable 
to  have  hooks  placed  on  their  sides  to  re- 
ceive a  shovel  and  a  pick. 

The  screens,  or  sieves,  employed  for  sepa- 
rating coarse  gravel  from  hoggin  or  small 
gravel,  consist  of  iron  wires  or  slender  rods, 
placed  at  equal  distances  apart,  and  fixed  in  a 
frame  of  wood,  the  sides  of  which  are  raised  about  5  inches 
above  the  plane  of  the  wires.  In  the  screens  the  frames  are 
rectangular,  about  5  feet  6  inches  in  height 
and  3  feet  wide,  and  the  wires  are  stretched 
in  the  direction  of  its  length  at  distances 
varying  from  i  inch  to  1^  inch,  according 
to  the  size  of  the  stone  required ;  and  these 
wires  are  kept  in  place  by  others  crossing 
them  at  intervals  of  5  or  6  inches.  When 
used,  they  are  placed  so  that  the  plane  of 
the  wires  is  inclined  about  30°  from  the 
upright,  and  the  gravel  to  be  screened 
being  dashed  or  thrown  forcibly  against 
them,  the  finer  particles  pass  through  and 
fall  on  the  further  side  of  the  screen,  while 
the  large  stones  roll  down  its  surface  and 
fall  on  the  nearest  side.  The  sieves  are 
somewhat  difi'erent  in  form:  the  frame  is 
circular,  forming  a  cylinder  about  6  inches 
in  depth  and  20  inches  in  diameter,  and 
the  wires  placed  either  as  already  de- 
scribed or  equally  close  in  both  directions,  forming  a 
kind  of  bottom  to  the  cylinder.     The  sieve  is  held  hori- 


Fig.  30.- Shovel. 
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zontally  by  one   man,   while   tlie  other  throws  into  it  a 


Iron, 
2  lbs. 


fine 


Leng'th, 
efins. 


inch  diameter  by  f .    Total  Length.  1^  foot. 
Tig.  31.— Hammer. 

shovelful  of  gravel ;  upon  shaking  the  sieve, 
hoggin  falls  through,  leaving  the  stones 
in  the  sieve,  which  are  then  thrown  by 
the  man  into  anything  which  may  be 
placed  to  receive  them.  This  is  gene- 
rally the  best  and  cheapest  mode  of 
screening  gravel. 

The  hammers  generally  employed  for 
breaking  stones  are  of  two  sizes,  and  are 
shown  in  Figs.  31  and  32.  The  handles 
should  be  of  straight-grained  ash,  and  the 
iron  heads  of  the  weight  and  form  shown 
in  the  drawings;  the  faces  should  be 
spherical,  and  case-hardened   or  steeled. 

Fig.  33  represents  the  ring  to  be  used 
for  testing  the  size  of  the  broken  stones. 
Its  internal  diameter  is  2i  inches,  and  the 
largest  stones  should  in  all  positions  be 
passable  through  the  ring. 

Fig.  34  represents  b.  pronged  forh,  to  be 
used  instead  of  a  shovel  for  taking  up  the 
stones  to  throw  upon  the  road.  The  ad- 
vantages attending  its  use  are,  that  a  man 
can  take  up  the  stones  much  more  quickly 
and  more  easily  than  with  a  shovel,  free 
from  dirt  and  extraneous  matter. 

It  is  advantageous  to  roU  the  surface  of  new  roads,  in 


Fig.  32.— Hammer. 
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order  to  consolidate  the  material ;  and  for  this  purpose  a 
cast-iron  roller  is  usually  employed,  about  5  feet  wide, 
4  feet  in  diameter,  and  weighing  about  4  tons. 

The  rahes,  which  should  be  employed  in  filling  in  ruts 
and  hollow  places  in  the  surface  of  roads,  should 
be  formed  with  prongs  between  2  and  3  inches 
in  length,  fixed  at  the  distance  of  three- 
quarters  of  an  inch  apart,  into  a  wooden  head 
about  11  inches  in  length.  The  handles 
should  be  formed  of  ash,  and  should  be  about 
6  feet  in  length. 

Scrappers  are  indispensable  for  preserving  roads  in  a 
proper  state  and  free  from  mud.  They  are  usually  con- 
structed of  wood  shod  with  wrought  iron ;  but  it  is  better 


Fig.  o3.— 
Ring-gauge. 
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Fig.  34.— Pronged  Fork. 

to  make  them  entirely  of  iron.  They  should  be  6  inches  in 
depth,  and  about  18  inches  in  length,  and  slightly  curved  at 
each  extremity  to  prevent  the  escape  of  mud  at  each  side. 
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Scraping  machines  have  been  invented,  and  are  very 
generally  employed,  by  means  of  which,  the  surface  of  a 
road  may  be  scraped  much  more  regularly  and  quickly 
than  with  the  old  scrapers.  They  consist  of  a  number  of 
iron  scrapers,  attached  to  a  frame  mounted  on  wheels, 
which  are  so  placed  that,  when  the  body  of  the  machine  is 
raised  somewhat,  the  wheels  are  lifted  from  the  ground, 
and  the  whole  weight  of  the  machine  is  thrown  upon  the 
scrapers,  which,  upon  the  machine  being  drawn  across  the 
road,  scrape  all  the  mud  from  its  surface,  and  carry  it  to 
the  sides. 

A  machine  has  also  been  invented  by  Mr.  [now  Sir 
Joseph]  "Whitworth,  of  Manchester,  which  has  been 
extensively  employed,  both  there  and  in  London,  for 
sweeping  up  the  mud  from  the  roads  and  carrying  it 
away  at  once.  It  consists  of  a  species  of  endless  broom, 
passing  round  rollers  attached  to  a  mud  cart,  and  so 
connected  by  cogged  wheels  with  the  wheels  of  the 
cart  that,  when  the  latter  is  drawn  forwards,  the  broom 
is  caused  to  revolve,  and  sweeps  the  mud  from  the 
surface  of  the  road,  up  an  inclined  plane,  into  the  cart.  The 
machine  is  drawn  by  one  horse ;  and,  by  its  aid,  the  roads 
are  swept  much  more  rapidly  and  better  than  by  the  old 
system  of  scraping,  and  with  less  injuiy  to  the  surface  of 
the  road,  and  less  annoyance  to  the  passengers. 


CHAPTEE   YII. 

ON  HEDGES  AND  FENCES. 

In  moot  situations,  fences  are  required  to  mark  the  boun- 
daries of  roads,  and  separate  them  from  the  adjoining 
lands.  They  should  be  dispensed  with  wherever  it  is 
possible,  for  the  reason  that  fences,  of  whatever  kind, 
deprive,  to  a  greater  or  less  extent,  the  surface  of  the  road 
of  the  benefit  of  free  exposure  to  the  action  of  wind  and 
sunshine,  both  of  which  are  essential  for  maintaining  it  in 
a  dry  state.  Few  persons  are  aware  of  the  extent  to 
which  a  road  may  be  injured  by  high  hedges,  or  lines  of 
trees.  Trees  are  worse  than  hedges,  because  they  not 
only  deprive  the  road  of  the  action  of  the  air  and  sun,  but 
they  further  injure  it  by  the  dripping  of  rain  from  their 
leaves,  as  a  consequence  of  which  the  road  is  kept  in 
a  wet  state  long  after  it  would  otherwise  have  become 
dry. 

When  fences  are  indispensable,  they  should  be  placed 
as  far  as  may  be  from  the  sides  of  the  road,  and  should  be 
kept  as  low  as  possible.  When  there  is  a  deep  ditch  on 
either  side  of  the  road,  it  becomes  necessary,  to  prevent 
accident,  that  the  fence  should  be  placed  between  the  road 
and  the  ditch;  but,  in  other  situations,  the  fence  should 
be  placed  on  the  field- side  of  the  ditch.  In  so  doing,  the 
surface-draining  of  the  road  into  the  side  ditches  is  less 
interfered  with,  and  the  action  of  air  and  sunshine  is  less 
obstructed  by  the  fence. 

The  different  descriptions  of  fence  which  may  be  em- 
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ployed  are  various.  In  districts  where  stone  is  plentiful, 
and  especially  in  the  immediate  neighbourhood  of  Quarries, 
where  stone  rubble  can  be  obtained  at  a  trifling  cost,  dry 
rubble  walls,  without  any  mortar,  are  very  good  and  cheap, 
and  require  little  or  no  repair. 

For  the  road  itself,  an  open  post-and-rail  fence  is  the 
best  which  can  be  employed,  because  it  scarcely  impedes 
the  action  of  the  wind  and  the  sun  upon  the  surface  of  the 
road  ;  but  the  great  practical  objection  to  timber  fences 
is,  their  liability  to  decay,  which  occasions  frequent  and 
constant  expense  for  renewal. 

The  most  common,  and,  all  things  considered,  the  most 
useful,  fence  is  the  quickset  hedge.  If  properly  planted, 
and  carefully  attended  to  for  the  first  few  years,  a  natural 
fence  may  thus  be  obtained,  sufiiciently  strong  to  resist 
the  efforts  of  cattle  to  break  through,  and  very  economical 
in  cost  for  maintenance.  A  bank  or  mound  of  earth,  at 
least  two  feet  in  depth,  should  be  prepared  for  the  recep- 
tion of  the  quicks,  which  should  be  three-years  plants 
which  have  been  transplanted  two  years.  The  best  kind 
of  soil  is  one  of  a  light  sandy  nature,  admitting  sufficient 
moisture  to  nourish  the  plants,  and  retaining  moisture  in 
dry  seasons.  Heavy  clay  soils  are  not  sufficiently  pervious 
to  water,  and  plants  placed  in  such  soils  are  never  found 
to  thrive.  A  mixture  of  peat  or  of  rotten  leaves  is  of  great 
use,  and  causes  the  plants  to  grow  with  much  vigour. 
The  quicks  are  most  commonly  planted  in  a  single  row,  at 
distances  of  about  4  inches  apart.  But  a  much  better  hedge 
is  formed  by  planting  them  6  inches  apart,  in  a  double 
row,  as  shown  in  Fig.  35,  with  a  space  of  6  inches  be- 
tween the  rows, 

o      o      o      o       o 

O         O        O         O         O         o 
Fig  35.— Planting  Hedges. 

and  so  axranged  that  the  plants  in  one  row  are  opposite 

r  3 
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the  spaces  in  the  other.  By  this  arrangement,  although 
the  plants  are  really  not  so  crowded,  and  have  more  space 
round  their  roots  from  which  to  derive  nourishment  than 
in  the  single  row,  they  form  a  thicker  hedge.  The  proper 
time  for  planting  quicks  is  during  the  autumn  or  the  spring, 
and,  in  fine  seasons,  the  operation  may  be  continued  during 
the  whole  winter.  A  temporary  fence  should  be  put  up  to 
protect  the  young  plants  from  injury ;  and  the  fence  should 
be  retained  until  the  hedge  has  attained  sufficient  strength 
to  require  its  protection  no  longer :  at  the  end  of  a  period, 
under  favourable  circumstances,  of  three  or  four  years  after 
the  quicks  are  planted.  That  the  plants  may  thrive,  they 
must  be  very  carefully  attended  to  at  first,  and  it  is  essen- 
tial that  they  should  be  properly  cleaned  and  weeded  at 
least  twice  every  year.  Once  every  year,  towards  the  end 
of  the  summer,  the  hedge  should  be  judiciously  trimmed, 
not  to  such  an  extent  as  to  produce  stunted  plants,  but  by 
merely  cutting  off  the  upper  and  more  straggling  shoots, 
80  as  to  bring  it  to  a  level  and  even  surface.  By  proceed- 
ing in  this  manner,  a  neat,  strong,  and  compact  hedge 
of  healthy  plants  wlU  be  obtained  in  about  three  years 
after  planting. 

When  the  hedge  or  fence  is  placed  between  the  road  and 
the  side  ditches,  it  is  essential  that  small  dvains  be  formed 
at  least  every  fifteen  yards,  to  convey  the  water  from  the 
side  tables  or  gutters,  through  the  fence,  into  the  ditches. 

Professor  Mahan  insists  that  fences  and  hedges  should 
not  be  higher  than  5  feet ;  and  that  no  trees  should  be 
suffered  to  stand  on  the  road-side  of  the  side  drains,  for, 
independently  of  shading  the  roadway,  their  roots  would 
in  time  throw  up  the  road-covering. 

Note  by  the  Editor. — Sir  John  Macneil  proved  experi- 
mentally, on  the  Holyhead  Eoad,  the  unfavourable  in- 
fluence  of  close    and   high  hedging   in  interfering   with 
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what  maybe  called  the  ventilation  of  a  road  : — keeping  it 
moist,  and  incurring  excessive  draught.  By  means  of  his 
experiments  on  tractional  resistance,  the  trustees  and  the 
surveyors  of  the  roads  "have,"  he  said,  **  perceived  the 
defective  parts  of  the  road  ;  and  within  three  months  after 
the  Report  of  the  Parliamentary  Commissioners  became 
public,  there  was  not  a  hedge  on  that  part  of  the  road 
where  the  draught  was  shown  to  be  excessive,  that  was 
not  cut  down,  and  improved  on  the  surface."* 

Mr.  Walker  had  previously,  in  1819,  remarked  that 
nothing  is  more  injurious  to  roads  than  the  permitting  (^f 
high  hedges  and  plantations  near  them,  f 

*  Report  of  the  Select  Committee  on  Steam  Carriages,  1831 ;  p.  103. 
t  Report  of  the  Select  Committee  on  the  Highways  of  the  Kirigdom, 
1819. 


OHAPTEE  Ym. 

PAVED  ROADS  AND  STREETS. 

Foe  roads  or  streets,  through  towns  or  cities  where  the 
traffic  is  considerable,  a  paved  surface  is  preferable  to  a 
macadamised  surface.  Macadamised  roads  in  such  situa- 
tions are  exposed  to  incessant  and  heavy  traffic,  their  sur- 
face is  rapidly  worn,  and  it  requires  constant  repair,  and 
much  attention  in  scraping  or  sweeping,  or  in  raking-in 
ruts.  The  cost  of  maintenance  is  very  heavy,  whilst  there 
are  frequent  interruptions  of,  or  interference  with,  traffic. 
In  dry  weather,  the  macadamised  road  is  dusty,  and  in 
wet  weather  it  is  covered  with  mud.  The  only  advantage 
which  such  a  road  really  possesses  over  a  pavement  con- 
sists in  the  less  noise  produced  by  carriages  in  passing 
over  it. 

Several  different  methods  have  been  employed  of  forming 
the  foundations  of  pavements,  such  as  concrete  and  broken 
stone ;  but  where  it  can  be  done,  it  is  perhaps  best  to  lay 
the  new  pavement  on  the  old  surface  of  the  road,  whether 
paved  or  macadamised,  taking  care,  of  course,  that  its  sur- 
face has  been  brought  first  to  an  even  state,  and  of  the 
required  form  of  cross  section. 

The  practice  of  laying  the  new  pavement  on  the  top  of 
the  old  has  been  a  great  deal  used  in  Paris,  and  has  there 
been  found  to  answer  extremely  well.  It  is  usual  to  take 
up  and  relay  the  old  pavement,  in  order  that  its  surface 
may  be  even  and  true ;  after  which  it  is  covered  with 
gravel,  on  which  the  new  stones  are  bedded.     Mr.  Telford 
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strongly  recommended  tlie  surface  upon  wliicli  tlie  pave- 
ment was  intended  to  be  laid  to  be  prepared  as  though 
intended  for  a  macadamised  road,  and  that  it  should  be 
used,  in  that  state,  by  carriages  until  it  had  become 
thoroughly  consolidated;  when  the  pavement  should  be 
laid  on  the  top  of  the  hard  road  so  formed,  the  stones 
being  properly  bedded  in  a  kind  of  coarse  mortar.  Mr. 
Edgeworth,  in  his  work  on  roads,  states  that  this  method 
of  forming  paved  roads  had  been  extensively  employed  in 
Dublin,  and  was  attended  with  considerable  success. 

In  constructing  a  paved  road  or  street,  the  following 
method  should  be  employed  for  forming  the  foundation. 
The  loose  ground  at  the  surface  should  first  be  entirely 
removed.  The  depth  to  which  it  may  be  requisite  to  do 
this  depends  upon  the  nature  of  the  ground ;  and,  unless 
the  ground  be  very  solid,  it  should  be  removed  to  such 
a  depth  as  will  allow  of  18  inches  of  concrete  beneath  the 
pavement.  In  some  situations  so  great  a  thickness  as 
this  may  not  be  requisite;  but  it  is  better  to  err  rather 
in  forming  too  strong  a  foundation,  than  in  forming  one 
the  failure  of  which  necessitates  the  taking  up  and  relaying 
of  the  pavement.  When  the  loose  ground  has  been  re- 
moved, a  layer  of  concrete,  prepared  in  the  manner  already 
described  at  page  83,  should  be  evenly  spread  over  the 
whole  area  of  the  intended  road.  The  depth  of  concrete 
should  never  be  less  than  12  inches  ;  and,  under  ordinary 
circumstances,  it  should  not  be  less  than  18  inches.  Its 
upper  surface  should  have  the  true  form  of  cross  section 
intended  to  be  given  to  the  road. 

The  stone  sets  should  be  well  bedded  upon  the  concrete 
in  a  kind  of  coarse  mortar,  which  should  also  be  well  filled 
in  between  their  joints.  For  the  sets,  several  of  the 
harder  kinds  of  stone  are  used,  such  as  granite,  whinstone, 
and  the  very  hardest  varieties  of  limestone  and  freestone. 
Of  all  materials,  granite  is    the  best  for  sets,  and  more 
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particularly  those  kinds,  such,  as  the  Guernsey  and  Aber- 
deen, which  do  not  wear  smooth  and  acquire  a  polished 
surface.  Smooth  wear  is  a  great  practical  objection  attend- 
ing the  employment  of  excessively  hard  stone.  With  regard 
to  the  form  of  the  stones,  experience  has  shown  that  the 
best  form  is  that  of  rectangular  blocks,  from  7  to  9  inches  in 
depth,  depending  on  the  amount  and  nature  of  the  traffic, 
and  not  more  than  3  or  4  inches  in  width.  Until  lately,  it 
was  considered  better  to  have  stones  of  much  greater  width, 
under  the  supposition  that,  having  a  larger  base,  they  would 
be  better  able  to  support  the  superincumbent  weight,  but 
experience  has  shown  that  the  narrow  stones  are  much  the 
better.  The  stones  should  be  sorted  according  to  their 
depths  and  widths :  for,  if  the  stones  are  of  unequal  depth, 
and  the  surface  of  the  concrete  has  been  made,  as  it  should 
be,  even  and  parallel  to  the  intended  surface  of  the  road, 
any  stones  less  than  the  general  depth  would  require  more 
mortar  to  be  placed  under  them,  and  would  consequently 

. . 1 f— — I       settle  down   more  than  the  others, 

' — I — — ] — — I — ' — |— ' — r  and  form  hollows  on  the  surface  of 
III!       "I       the  road.    They  should  also  be  sorted 

, I .    I    .    I        I        I    according  to  their  width,  so  that  thev 

' ' ' '        may  run   entirely  across  the  street 

Fig.  36.-Pian  of  Pavement.    ^    paraUel    courses,   as    shown   in 

Fig.  36,  and  the  stones  in  each  course  should  be  so  selected 
as  to  break  joint  with  those  in  each  adjoining  coui'se,  as 
there  shown. 

A  firm  and  substantial  curb  should  be  laid  on  each  side 
of  the  road,  to  act  as  an  abutment ;  and,  in  laying  the  pave- 
ment, the  courses  should  be  commenced  at  each  side,  and 
worked  towards  the  middle ;  the  joints  between  the  stones 
of  each  course  should  be  as  thin  as  possible,  and  the  last 
stone  should  fit  tightly,  so  as  to  form  a  kind  of  key  to  the 
course.  After  the  stones  have  been  set  they  should  be  well 
rammed  down  with  a  heavy  punner,  and  stones  which  sink 
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below  the  general  level  should  be  taken  up,  and  re-packed 
underneath.  It  is  not  usual  to  incur  the  expense  of  bed- 
ding the  stones  in  mortar,  in  the  manner  here  recom- 
mended. The  ordinary  practice  is  to  pour  a  thin  grouting 
of  sand  and  lime  over  the  surface,  after  the  pavement  has 
been  laid,  which  finds  its  way,  although  very  imperfectly, 
into  the  interstices  between  the  stones.  But,  this  is  mis- 
taken economy,  for  a  pavement  laid  as  here  described,  upon 
a  firm  concrete  foundation,  and  having  the  joints  perfectly 
formed  with  good  mortar,  would  last  almost  for  ever, 
since  nothing  else  than  the  positive  wearing  away 
and  destruction  of  the  stone  would  render  its  renewal 
necessary. 

Paved  roads  should  be  watched  for  a  few  months  after 
having  been  opened  for  traffic,  in  order  to  prevent  irre- 
gular settlement  in  the  stones,  and  consequently  an  uneven 
and  irregular  surface.  When  any  portion  of  the  road  is 
found  to  settle  below  the  general  level,  it  should  be  taken 
up,  and  a  sufficient  quantity  of  fine  concrete  put  under- 
neath it  to  bring  it  slightly  above  the  level  of  the  sur- 
rounding surface.  Great  attention  should  be  given  to  the 
manner  in  which  the  pavement  is  re-laid  after  having  been 
disturbed  for  the  repair  of  sewers,  water-pipes,  or  gas- 
pipes  :  the  excavated  ground,  when  thrown  back,  should 
be  well  punned,  or  beaten  down  in  layers  of  not  more  than 
a  foot  in  thickness,  and  at  least  18  inches  of  concrete  should 
be  laid  on  the  top,  under  the  pavement.  The  surface  of 
the  fresh  concrete  should  be  about  an  inch  above  the 
general  level  of  the  concrete,  and  the  stones  should  be 
properly  bedded  in  the  manner  already  described,  care 
being  taken  that  the  stones  correspond  in  depth  and  width 
with  those  already  in  place  on  either  side,  and,  further- 
more, that  the  last  stone,  in  making  good  each  course,  fits 
tightly  into  its  place. 

In  laying  pavement   in   streets   having  a  considerable 
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inclination,  two  methods  have  been  employed  to  afford  a 
more  sure  and  perfect  hold  for  the  horses'  feet  than  the 
ordinary  pavement.  The  first  method  is  shown  in  Fig.  37, 
and  consists  in  laying  between  the  rows  of  paving-stones 
a  course  of  slate,  rather  less  than  an 
inch  in  thickness,  and  about  an  inch 
less  in  depth  than  the  stones.     By  this 

Eiff  37. 

Pavement  on  inclines,     means    a   Series   of  small  channels  or 

grooves,  about  an  inch  in  width  and  depth,  are  formed 

between  the  rows  of  stones,  which  affords  sufficient  stay 

for   the   horses'  feet.       The   other   method   is   somewhat 

rr^n~^r~7~T~l    ^^^P^®^?  ^^^  consists  in  merely  placing 

/J   11   hijjJLL  [     ^^  ordinary   paving-stones   somewhat 

-*»j!W?^'^^^.-^?^i?>     canted    on   their   beds,    as    shown    in 

Fig.  38.  ' 

Pavement  on  Inclines.  Fig.  38,  SO  as  to  form  a  Series  of  ledges 
or  steps,  against  which  the  horses'  feet  being  planted,  a 
secure  footing  is  obtained. 

Roadways  and  streets  in  cities  must  be  accompanied  by 
sidewalks,  and  crossing-places,  for  foot-passengers.  The 
sidewalks  are  made  of  large  flat  flag-stones,  3  inches  thick, 
laid  on  the  ordinary  ground,  or  on  gravel,  well  rammed 
and  settled.  The  proper  width  of  the  sidewalks  depends 
on  the  amount  of  the  traffic.  It  would,  in  all  cases,  be  well 
to  have  them  at  least  12  feet  wide;  they  are  laid  at  a  slope, 
or  pitch,  of  1  inch  to  10  feet,  towards  the  pavement,  to  convey 
the  surface-water  to  the  side  channels.  The  pavement 
is  separated  from  the  sidewalk  by  a  row  of  long  slabs, 
termed  curb-stones,  which  confine  both  the  flagging  and 
the  paving-stones.  They  are  usually  about  12  inches  by 
from  6  to  10  inches  in  section,  and  they  are  laid,  in  some 
cases,  on  their  side,  in  other  cases  on  edge.  They  form  the 
sides  of  the  side  channels,  and  they  should  for  this  purpose 
project  a  few  inches  above  the  outside  paving-stones,  and 
be  sunk  at  least  4  inches  below  their  upper  surface. 
The  curb-stones    are    flush   with    the    upper    surface    of 
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the  sidewalks,  to  allow  water  to   run  over  into  the  side 
channels. 

The  crossings  should  be  from  4  to  6  feet  wide,  and 
slightly  raised  above  the  general  surface  of  the  pavement, 
to  keep  them  free  from  mud. 


CHAPTER  IX. 

ON  TAKING  OUT  QUANTITIES  FOR  ESTIMATES. 

The  process  of  making  out  an  estimate  for  any  description 
of  engineering  work  may  be  divided  into  two  distinct  parts  ; 
namely,  in  the  first  place,  calculating  the  actual  quantity  of 
each  description  of  work  to  be  executed  ;  and,  in  the  second 
place,  affixing  to  these  quantities  just  and  reasonable 
prices,  such  as  the  work  might  really  be  executed  for. 

In  the  construction  of  roads,  the  principal  item  of  ex- 
pense is  the  earthwork,  or  the  cost  of  forming  the  cuttings 
and  embankments  to  obtain  the  required  levels  for  the . 
formation  service,  iu  excavating  the  ditches  and  forming 
the  banks,  and  in  laying  on  the  metalling  or  ballast  to 
form  the  road.  Of  these  different  descriptions  of  work,  the 
first,  namely,  the  cuttings  and  embankments,  are  the  only 
ones  the  estimation  of  the  quantity  of  which  is  attended 
with  any  difficulty.  The  others,  being  generally  constant, 
are  readily  obtained  by  ascertaining  the  quantity  in  a 
given  length,  as  a  yard,  and  then  multiplying  that  quan- 
tity by  the  total  length  of  the  road. 

In  the  calculations  of  solid  contents  required  in 
balancing  the  excavations  and  embankments,  the  most 
accurate  method  consists  in  subdividing  the  different  solids 
into  others  of  the  most  simple  geometrical  forms,  as  prisms, 
prismoids,  wedges,  and  pyramids,  whose  solidities  are 
readily  determined  by  the  ordinary  rules  for  the  mensu- 
ration of  solids.  As  this  process,  however,  is  frequently 
long  and  tedious,  other  methods  requiring  less  time,  but 
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not  so  accurate,  are  generally  preferred,  as  their  results 
give  an  approximation  sufficiently  near  the  true  for  most 
practical  purposes.  They  consist  in  taking  a  number  of 
equidistant  profiles,  and  calculating  the  solid  contents  be- 
tween each  pair,  either  by  multij)lying  the  half  sum  of 
their  areas  by  the  distance  between  them,  or  else  by  taking 
the  profile  at  the  middle  point  between  each  pair,  and 
multiplying  its  area  by  the  same  length  as  before.  The 
latter  method  is  the  more  expeditious  ;  it  gives  less  than 
the  true  solid  contents,  but  a  nearer  approximation  than 
the  former,  which  gives  more  than  the  true  solid  contents, 
whatever  may  be  the  form  of  the  ground  between  each 
pair  of  cross  profiles. 

In  calculating  the  solid  contents,  allowance  must  be 
made  for  the  difi'erence  in  bulk  between  the  difi'erent  kinds 
of  earth  when  occupying  their  natural  bed  and  when  made 
into  embankment.  From  some  careful  experiments  on 
this  point  made  by  Mr.  Elwood  Morris,  published  in  the 
Journal  of  the  FranlcUn  Institute,  it  appears  that  light 
sandy  earth  occupies  the  same  space  both  in  excavation 
and  embankment ;  clayey  earth  about  one-tenth  less  in 
embankment  than  in  its  natural  bed ;  gravelly  earth  about 
one-twelfth  less ;  rock  in  large  fragments  about  five- 
twelfths  more,  and  in  small  fragments  about  six-tenths 
more. 

The  calculation  may  often  be  simplified  by  considering 
the  slopes  apart  from  the  trunk  or  main  body  of  the  cut- 
ting. For  example,  let  Fig.  39  be  the  section  of  a  cutting, 
A  D  being  the  natural  surface  of  the  ground  ;  then  if  b  c  is 
the  width  of  the  formation  surface,  b  c  f  e  will  be  the  trunk 
or  central  portion  of  the  cutting,  and  a  e  b,  f  c  d,  will  be 
the  side  slopes.  Now,  the  width  of  the  first  is  constant, 
being  the  formation  width,  while  its  depth  varies  as  the 
depth  of  the  cutting  ;  and  therefore  its  cubic  content  for  a 
given  length  forward  is  dii-ectly  proportional  to  the  depth 
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of  the  cutting.  If,  for  instance,  the  line  g  h  were  the 
natural  surface  of  the  ground  instead  of  a  d,  the  cutting 
being  now  twice  as  deep  as  before,  the  cubic  content  of  the 
trunk  I  B  c  K  would  be  twice  as  great  as  that  of  e  b  c  f. 


% rK A ^ , P 

\   *   I  \  "^  ^    /\    *  / 


Fig.  39.— Section  of  a  Cutting, 


But  the  cubic  content  of  the  slopes  increases  in  the  pro 
portion  of  the  square  of  the  depth  of  the  cutting,  as  is  evi 
dent  from  the  figure,  in  which  i  b  being  twice  as  great  as 
E  B,  the  volume  of  the  slope  a  i  b  is  four  times  as  great  as 
A  E  B,  the  triangles  «,  h,  c,  and  d  being  evidently  equal. 
In  consequence  of  these  two  quantities  varying  in  a  differ- 
ent proportion,  it  is  convenient  to  estimate  them  separately. 
In  order  to  facilitate  the  calculation  of  earthwork,  several 
tables  have  been  published,  the  most  complete  and  elabo- 
rate of  which  are  those  by  Sir  John  Macneil.  The  following 
table,  No.  6,  will  be  found  very  useful  in  estimating  the 
content  of  cuttings  or  of  embankments  of  moderate  depth, 
and  will  give  the  result  very  nearly  true,  except  in  cases 
in  which  the  two  ends  of  the  cutting  are  of  very  different 
depths.  The  first,  fourth,  and  seventh  columns  contain  the 
depth  of  the  cutting  or  height  of  embankment,  in  feet,  for 
every  tenth  of  afoot,  from  O'l  to  25*2  feet;  the  second,  fifth, 
and  eighth  columns  express  the  content,  in  cubic  yards,  of 
one  foot  in  width,  and  one  chain  in  length,  of  a  portion  of 
the  trunk  or  central  part  of  a  cutting,  whose  mean  depth  is 
shown  in  the  preceding  column.      The  quantities  taken 
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from  these  columns  must  be  multiplied  by  the  forma- 
tion width.  The  third,  sixth,  and  ninth  columns  express 
the  content  in  cubic  yards  of  a  length  of  one  chain  of  both 
slopes,  when  the  slopes  are  formed  at  1  to  1.  "With  any 
other  ratio  the  quantities  derived  from  these  columns  must 
be  increased  in  the  same  proportion.  Thus,  if  the  slopes 
are  3  to  1,  the  quantity  obtained  from  the  table  must  be 
multiplied  by  S. 


Table  No.  6. — Contents  of  Cuttings  or  of  Embankments. 
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As  an  example  of  the  use  of  this  table,  we  may  estimate 
the  quantities  in  the  cutting  and  embankment  shown  on 
the  working  section,  Fig.  20,  page  39.  In  the  following 
table,  the  first  column  contains  the  number  of  the  peg,  the 
second  the  depth  of  cutting  or  height  of  embankment,  the 
third  the  cubic  content  of  the  corresponding  portion  of  the 
trunk,  and  the  fourth  column  the  content  of  the  slopes  : — 


Cutting  No.  1. 


Embankment  No.  1. 


ti 

^ 

°5n 

Trunk. 

Slopes. 

s 

"B.B 

1 

1 

1 

•0 

•37 

•11 

2 

•6 

1.47 

•88 

3 

•9 

2  20 

1-93 

4 

1-2 

2-93 

3-52 

5 

1-6 

3-91 

6-26 

6 

1-9 

4-64 

8-82 

7 

2-0 

4-89 

9-78 

8 

19 

4-64 

8-82 

9 

1-9 

4-64 

8-82 

10 

2-1 

.513 

10-78 

11 

2-2 

5-38 

11-83 

12 

2-4 

5-87 

14-08 

13 

2-3 

0-62 

12-93 

U 

2-3 

5-62 

12-93 

15 

25 

6-11 

15-28 

16 

2-1 

5-13 

10-78 

17 

2-3 

5  62 

12-93 

18 

2-5 

6-11 

15-28 

19 

2-2 

5-33 

11-83 

20 

1-6 

3-91 

6-26 

21 

•8 

1-96 

1-56 

91-53 

185-46 

1 

'           40 

3661.20 

185-46 

cub.  yds. 

3846-66 

*3 

0 

1 

2^ 

Trank. 

Slopes. 

.l^J& 

i 

wi 

1 
1 

22 

•6 

1-47 

•88 

23 

2-2 

5-38 

11.83 

24 

3-5 

8-56 

29-94 

25 

4-0 

9-78 

39-11 

26 

3-8 

9-29 

35-30     1 

27 

2-6 

6-36 

16-52 

28 

1-3 

3-18 

4.13 

29 

-3 

•73 

•22 

44-75 

137^93     j 

40 

1790-00 

137-93 

68-96 

1996-89 

cub.  yds. 
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It  will  be  remarked  tliat,  at  peg  I,  where  tlie  cutting 
has  no  depth,  we  have  yet  inserted  quantities  in  the  third 
and  fourth  columns.  The  manner  in  which  these  were 
derived  is  as  follows.  Although  at  the  peg  itself  there  is 
no  cutting,  at  the  next  peg  the  depth  is  0'6,  and  therefore 
the  mean  depth  is  0*3,  which,  in  the  table,  gives  0"73  and 
0-22.  As,  however,  we  have  here  only  haK  a  chain  (as  it 
is  the  commencement  of  the  section),  we  insert  half  these 
quantities,  or  0'37  and  O'll.  The  sum  of  all  the  separate 
portions  of  the  trunk,  being  obtained  by  addition,  is  then 
multiplied  by  40,  the  width  of  the  formation,  to  which  the 
sum  of  the  slopes  being  added,  gives  3846-66  cubic  yards 
as  the  content  of  the  cutting.  In  the  case  of  the  embank- 
ment, the  slopes  being  1 J  to  1,  we  add  one  and  a  half  times 
the  sum  of  the  slopes,  and  thus  obtain  1996-89  cubic  yards 
as  its  content.  By  reference  to  the  working  section,  Fig.  20, 
it  will  be  seen  that  the  quantities  there  given  agree  with 
the  above 
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EECENT  PEACTICE  IN  THE  CONSTEUC- 
TION  OF  EOADS  AND  STEEETS. 

BY  D.   K.   CLARK,    C.E. 


CHAPTEE  I. 

MATERIALS  EMPLOYED   IN  THE  CONSTRUCTION  OF 
EOADS  AND   STREETS. 

For  carriage-ways:  Stones. — The  hardest  and  toughest  kinds 
of  stones  are  those  which  are  employed  in  the  construction 
of  paved  and  macadamised  carriage-ways.  First  in  geolo- 
gical order,  as  well  as  in  the  order  of  usefulness,  is  granite. 
Granite  is  an  unstratified  or  igneous  rock,  generally 
found  inferior  to  or  associated  with  the  oldest  of  the 
unstratified  rocks,  and  sometimes  penetrating  them  in  the 
form  of  dykes  and  veins.  It  is  a  crystalline  compound  of 
three  simple  minerals  —  felspar,  silica  or  quartz,  and 
mica ;  in  which  the  proportion  of  silica  varies  from  65  to 
80  per  cent.  Granite  derives  its  name  from  its  coarse 
granular  structure — granum,  Latin  for  grain.  The  silica 
generally  occurs  in  an  amorphous  condition,  enclosing  and 
cementing  together  the  felspar  and  the  mica  in  the  state 
of  crystals.  Some  granites  are  ternary  compounds  ;  others 
are  quaternary,  or  even  quinary  compounds,  consisting  of 
silica,  two  varieties  of  felspar,  or  two  varieties  of  mica. 
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Two  felspars  are  present  in  some  of  the  granites  of  Gal- 
way,  Donegal,  and  Aberdeensliire.  Two  micas  occur  in 
the  Wicklow  granite,  imparting  black  and  grey  hues. 
Instead  of  mica,  another  substance,  hornblende,  is  found 
in  some  granites.  Such  granites,  of  which  the  component 
parts  are  quartz,  felspar,  and  hornblende,  are  distinguished 
as  syenite,  or  syenitic  granites;  so  called,  because  it  was 
first  found  in  the  island  of  Syene,  in  Egypt. 

Of  the  constituents  of  granite,  quartz,  glassy  in  appear- 
ance, is  a  compound  of  the  metallic  base  silicium  and 
oxygen ;  fehpar,  opaque,  is  of  a  yellowish  or  a  pink  colour, 
composed  of  silicious  and  aluminous  matter,  with  a  small 
proportion  of  lime  and  potash ;  mica  consists  principally  of 
clay  and  flint,  with  a  little  magnesia  and  oxide  of  iron ; 
Jiornblende  is  a  dark  green  crystalline  substance,  composed 
of  flint,  alumina,  magnesia,  with  a  considerable  propor- 
tion of  black  oxide  of  iron. 

The  granite  districts  of  the  United  Kingdom,  whence 
most  of  the  material  for  road-making  is  obtained,  are  in 
Devon,  Cornwall,  the  Channel  Islands  of  Guernsey  and 
Herm ;  Mount  Sorrel,  in  Leicestershire ;  Clee  Hills,  in 
Shropshire ;  Port-Nant  and  Portmadoc,  in  North  Wales ; 
Aberdeen,  in  Scotland ;  and  Newry,  in  Ireland.  The 
syenitic  granites  of  Guernsey,  Herm,  Mount  Sorrel,  and 
North  Wales,  are  celebrated  for  their  hardness  and  dura- 
bility. The  granite  of  Devon  and  Cornwall  is  of  several 
varieties,  and  it  has  a  prevailing  greyish  hue.  Aberdeen 
granite  is  of  a  bluish -grey  tint;  so  also  is  the  Newry 
granite.     Mount  Sorrel  granite  is  of  a  rich  pink  colour. 

Granites  vary  much  in  hardness  and  resistance  to 
crushing  force.  In  some  places,  by  the  decomposition  of 
the  felspar  or  the  mica,  they  are  sufficiently  soft  to  admit 
of  their  being  dug  out  with  a  spade.  The  specific  gravity 
of  granite  varies  from  2*60  to  3-00,  and  the  volume  oi 
1  ton  is  from  12  to  14  cubic  feet.     Conversely,  the  weiglit 

g2 
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of  a  cubic  yard  of  solid  granite  varies  from  1*93  to  2*25 
tons,  averaging,  say,  2  tons ;  wliilst  the  average  weiglit  of 
a  solid  cubic  foot  is  H  cwt.  Granite  is  capable  of  absorb- 
ing, on  an  average,  a  gallon,  or  10  lbs.,  of  water  per 
cubic  yard,  or  l-450tli  of  its  weiglit  of  water. 

Mr.  Mallet  found  that  the  maximum  resistance  of  1-inch 
cubes  of  various  granites  to  crushing  force,  ranged  from 
1  to  6  tons.  The  annexed  table,  No.  7,  gives  the  results 
of  experiments  to  determine  the  resistance  of  granites : — * 


Table  No.  7. — Crushing  Resistance  of  Granites 


liocality  of  Stone. 

Surface  ex- 
posed to 

Pressure  per  square  inch. 

pressure. 

To  fracture. 

To  crush. 

Square  in. 

Square  in. 

Square  in. 

Herm     .... 

16 

4.77 

6-64 

Aberdeen  (Blue) 

17^ 

413 

4-64 

1  Heytor  .... 

16 

3  94 

6  19 

Dartmoor 

16 

3-52 

■     6 -48 

Peterhead  (Red) 

18 

2-88 

488 

Peterhead  (Bluish  grey) 

18 

2-86 

4  36 

Penrhyn 

16 

2-58 

3-45 

Killiney  (Grey  felspathic) 

9 

— 

4-81 

Ballyknocken  (Coarse  grey) 

9 

— 

1-43 

Ballyheg,    Carlow    (Grey    fels- 

pathic) 

9 

— ■ 

3-17 

Some  results  of  experiments  made  by  Sir  William 
Fairbairnf  on  the  crushing  strength  of  building  stones  are 
added,  in  Table  No.  8.  The  specimens  were,  for  the  most 
part,  2-inch  cubes : — 


*  The  data  for  this  table  are  derived  from  Sir  John  Burgoyne's 
"Rudimentary  Treatise  on  Blasting  and  Quarrying,"  1862,  pa<i:e  94; 
except  for  the  last  three  stones,  for  which  the  data  are  boi rowed  from 
Professor  Hull. 

f  '♦  Memoirs  of  the  Literary  and  Philosophical  Society  of  Man- 
chester," 1857;  vol.  xiv,  page  31, 
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Table  No.  8. — Crushing   Strength   and   Absorbent   Power  o¥ 

Various  Stones. 

(Deduced  from  Sir  W.  Fairbairn's  data.) 


Weight 

Crushing 

of  wa*er 

Specific 
gi'avity. 

Cubic 

resist- 

absorbed 

Stone. 

Locality  of  Quarry. 

feet  in 
one  ton. 

ance  per 
square 

after  48 
hours' 

inch. 

immer- 
sion. 

Cub.  ft. 

Tons. 

1  part  in 

Porphyry      . 

France  .... 

— 

— 

1804 

— 

Greywacke    . 

Penmaenmaur     . 

2-75 

13-04 

7-54 

1641 

Do. 

Ingleton    .     .     . 

2-79 

12  87 

— 

1963 

Granite     .     . 

Aberdeen  .     .     . 

— 

— 

5-16 

— 

Do. 

Mount  Sorrel .     . 

2-67 

13-45 

5-74 

490 

Do. 

Bonaw,  Inverary 

— 

— 

4-87 

— 

Sandstone     . 

Yorkshire  .     .     . 

241 

14-85 

4-38 

47-5 

Do. 

Runcorn     .     . 

— 

— 

•98 

— 

Limestone     . 







3-80 



Do.Magnesian 

Auston,  Worksop 

— 

— 

2-26 

— 

Brick,  hard  . 

— 

— 

— 

•84 

— 

Do.    red     . 

— 

— 

— 

•36 

— 

The  Trap  Mocks  are  a  large  group  of  -igneous  rocks  allied 
to  granite,  composed  of  felspar,  augite,  and  hornblende. 
The  various  proportions  and  states  of  aggregation  of  these 
simple  minerals,  and  their  differences  in  external  forms, 
give  rise  to  varieties  known  as  Basalt,  Dolorite,  Green- 
stone, Whinstone,  Greywacke,  and  others.  The  term  trap 
is  derived  from  trappa,  a  Swedish  word  for  stair,  because 
the  rocks  of  this  class  sometimes  occur  in  large  tabular 
masses,  rising  one  above  another  like  steps.  Basalt  is  one 
of  the  most  common  varieties  ;  it  is  a  dark  green  or  black 
stone,  composed  of  augite  and  felspar,  very  compact  in 
texture,  of  considerable  hardness.  It  often  contains  iron  ; 
whence  the  name  basalt,  an  Ethiopian  word  for  iron. 
Dolorite  is  likewise  composed  of  augite  and  felspar.  Green- 
stone is  composed  of  hornblende,  which  is  dark  green,  and 
felspar.  Greywacke  is  a  very  hard  rock,  as  heavy  as 
granite,  and  much  harder.  The  rock  is  very  often  of  a 
grey  colour;  whence  the  name.  Wacke  is  a  provincial 
miner's  term  in  Gennan3'. 
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The  principal  uses  of  the  trap  rocks  are  for  paving  and 
macadamising.  The  most  important  quarries  are  those 
of  Barden  Hill,  in  Leicestershire,  and  of  Penmaenmaur,  in 
North  Wales.  The  greywacke  of  Penmaenmaur  is  manu- 
factured into  squared  sets,  which  are  sent  by  ship  and 
by  rail  in  enormous  quantities  to  Manchester,  Liverpool, 
and  other  large  towns  in  the  north  of  England  and  in  Scot- 
land, and  to  Ireland. 

Comparative  Wear  of  Stones. — Mr.  Walker  tested  the  com- 
parative durability  of  various  granites  and  one  whinstone. 
In  his  first  experiments,  he  submitted  square  specimens  of 
Guernsey,  Aberdeen,  and  Peterhead  granites,  having  equal 
weights  and  rubbing  surfaces,  to  frictional  motion  on  a 
large  block  of  stone,  with  sand  and  water  between  them. 
The  Guernsey  granite  showed  the  smallest  amount  of  wear. 

He  made  further  tests  for  the  durability  of  granites  and 
whinstone,  under  working  conditions,  by  laying  down,  in 
1830,  two  parallel  lines  of  rectangular  tram-stones,  18 
inches  wide  and  12  inches  deep,  in  the  gateway  of  the 
Limehouse  turnpike,  so  as  to  be  exposed  to  all  the  heavy 
traffic  from  the  East  and  West  India  Docks.  The  experi- 
mental stones  were  all  new.  After  an  exposure  of  17 
months  to  the  wear  and  tear  of  the  traffic,  the  stones  were 
taken  up,  and  the  loss  by  wear  was  found  to  be  in  order 
as  follows : — 

Table  No.  9. — Eixative  Wear  of  Granites,  etc 
(Mr.  Walker.) 


Name  of  Stone. 

1 

Super- 
ficial area. 

1 

Loss  of 

weight  per 

sq.  foot. 

Vertical  wear. 

Sq.  foot. 

pounds. 

inch. 

relative. 

Guernsey  granite 

4-73 

•95 

•060 

PUOO 

Herm  granite .             .  "       . 

5-25 

1-05 

•07o 

1-190 

Budle  whinstone 

6-34 

1-22 

•082 

1-316 

Peterhead  hlue  granite 

3-48 

1-80 

•\n 

2-080 

Heytor  granite 

4-31 

1-92 

•141 

2-238 

Aberdeen  red  granite . 

6-38 

2-14 

•l/)9 

2-  24 

Dartmoor  granite 

4-50 

2-78 

•207 

3-285 

Aberdeen  blue  granite 

4-82 

3-06 

•225 

3-571 
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Prom  the  table,  it  is  apparent  that  Guernsey  granite  is 
many  times  tougher  and  more  durable  than  Aberdeen 
granite.  Mr.  Walker  made  a  still  further  test  of  the  relative 
wear  of  these  two  stones  on  old  Blackfriars  Bridge,  which 
was  paved,  in  1840,  with  these  granites,  in  sets  3  inches 
wide  by  9  inches  deep,  on  a  bed  of  concrete  12  inches  thick. 
When  the  pavement  had  been  down  13  years,  it  was  found 
that  the  Aberdeen  stone  was  worn  down  to  the  extent  of 
li  inch  of  vertical  wear,  whilst  the  Guernsey  stone  had 
only  worn  down  ^  inch — showing  that  the  Guernsey  had 
worn  only  one-sixth  as  much  as  the  Aberdeen  granite.* 

The  durability  of  the  Welsh  stones — the  greywacke  of 
Penmaenmaur,  and  the  syenites  of  Portmadoc,  &c.,  is 
almost  beyond  estimation.  After  20  years  of  work  in  the 
streets  of  Manchester,  Penmaenmaur  stones,  the  resistance 
of  which  to  crushing  is  considerably  greater  than  that  of 
granite,  have  suffered  little  more  wear  than  a  rounding  of 
the  upper  surface.  But  the  blue  variety  is  extremely 
slippery,  and  it  makes  a  dangerous  pavement.  The 
grey  variety,  the  Irish,  the  syenitic,  and  the  blue  Aberdeen 
granites  retain  rough -wearing  surfaces;  but,  in  con- 
sequence of  their  roughness,  they  are  not  so  durable  as 
the  Guernsey  and  the  Penmaenmaur  stones.  The  rough- 
wearing  sets  are  excellent  stones,  and  they  are  specially 
suitable  for  the  paving  of  streets  on  steep  inclines. 

For  macadam,  the  hardest  stones — as  Guernsey  granite, 
and  Penmaenmaur  greywacke  —  are  the  most  suitable. 
Their  slippery  qualities  are  of  no  moment  in  macadam, 
whilst  their  hardness  and  toughness  are  valuable  qualities. 

In  India,  the  stones  used  for  macadam  are  granite,  trap, 
and  the  hard  limestones  and  sandstones.  Laterite,  which  is 
a  hard  sandstone,  is  very  much  used  on  the  Madras  roads 
but  it  is  comparatively  soft,  and  does  not  bear  much  traffic. 

*  Proceedings  of  the  Institution  of  Civil  Engineers,  1853-54;  vol. 
xiii.  page  237. 
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Kunkur  is  tlie  material  chiefly  used  in  Hindostan :  it  is  a 
peculiar  formation  of  oolitic  limestone,  found  generally  in 
nodules,  sometimes  in  masses  a  little  below  tlie  surface  of 
the  earth.  It  makes  an  excellent  road,  but  it  requires 
constant  repair  if  the  traffic  is  heavy. 

For  Footpaths. — The  flagstones  usually  employed  for  foot- 
paths are  of  sandstone.  The  Old  Eed  Sandstone  of  Scot- 
land produces  the  well-known  sandstones  and  flags  of 
Arbroath  and  Dundee,  which  are  largely  used  in  Glasgow, 
Edinburgh,  London,  and  other  large  towns.  The  Arbroath 
pavement  is  of  a  light  greenish,  grey  colour,  and  of  dense 
structure ;  it  resists  the  weather  successfully.  The  flag- 
stones of  Caithness,  Cromarty,  and  Nairn  are  also  used  for 
paving.  The  carboniferous  sandstones  are  largely  used 
for  paving  in  the  north  of  England  and  in  Scotland ;  they 
are  generally  hard  and  durable,  of  yellowish  or  greyish 
tints,  and  of  various  degrees  of  coarseness.  They  are 
derived  from  the  millstone-grit  and  the  coal  measures. 
Excellent  flagstones,  which  are  sent  to  all  parts  of  Eng- 
land, are  obtained  from  the  lower  part  of  the  coal  for- 
mation in  Cheshire,  near  Macclesfield;  Lancashire,  near 
Wigan,  Burnley,  and  St.  Helen's ;  and  from  EUand,  in 
Yorkshire.  The  sandstones  of  the  coal  measures — for  in- 
stance, those  of  Heddon  and  Kenton,  near  Newcastle — are 
seldom  durable,  and  they  generally  become  iron-stained 
on  exposure,  owing  to  their  containing  considerable  quan- 
tities of  iron  and  alumina.* 

The  following  particulars  of  the  composition  of  sand- 
stones are  derived  from  the  Commissioners'  Eeport  of 
1839:— 

*  See  "Quarries  and  Building  Stones,"  by  Professor  Hull;  "  British 
Manufactxiring  Industries." 


STONES. 


129 


Table  No.  10. — Composition,  Specific  Gkavity,  and  Strength 
OP  Sandstones. 


Craigleith.    "^1^ 

1 

Heddon. 

Kenton. 

MansfieldJ 

Composition. 
Silica 

Carbonate  of  lime  . 
Carbonate  of  mag- 
nesia 
Iron,  alumina 
Water  and  loss 

per  cent. 
98-3 
1-1 

0-0 
06 
0-0 

per  cent. 

96-4 

0-3 

0-0 
1-3 
1-9 

per  cent, 
95-1 
0-8 

0-0 
2-3 
1-8 

per  cent. 
93-1 
2-0 

0-0 
4-4 
0-5 

per  cent. 
49-4 
26-5 

16-1 
3-2 
4-8 

100-0 

100-0 

100-0 

100-0 

100-0 

Specific  Geavities. 
Of  drj^  masses 
Of  particles 

2-232 
2-646 

2-628 
2-993 

2-229 
2-643 

2-247 
2-625 

2-338 
2-756 

Cohesive  Powers. 
In  tons  per  square 
inch 

3-52 

3-17 

1-78 

2-22 

2-28 

A  few  particulars  of  sandstones  are  given  in  Table 
No.  8,  page  125. 

All  sandstones  are  porous,  and  they  absorb  water.  The 
Yorkshire  sandstones  are  capable  of  absorbing  1  part  by 
weight  of  water  in  48  parts  of  stone.  Sandstone  flags  are 
in  this  respect  objectionable,  for  they  retain  wet  impurities, 
and  remain  damp  some  time  after  rain. 

An  instructive  test  of  the  comparative  durability  of 
various  kinds  of  flagstones  was  conducted  in  Liverpool,  by 
Mr.  Newlands,  in  1856.  The  stones  were  found  to  range, 
in  the  order  of  durability,  as  follows  • — 

Kilrush  (Irish),  most  durable, 
Caithness, 
Knowsley, 
Port  Eheuddin, 
Llangollen, 

Yorkshire,  least  durable. 
g3 
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Of  these,  Port  E-heuddin  stone,  one  of  the  softest,  had  the 
best  appearance.  Next  to  this  was  the  Caithness  stone.  The 
Kilrush  flags  had  a  rough  or  wrinkled  surface ;  but  in  the 
course  of  time  they  wore  smooth,  and  their  appearance  was 
good.  The  Llangollen-slate  flag  looked  well,  but  it  was 
not  durable.  Caithness  flags  were  extensively  substituted 
for  Yorkshire  paving ;  Welsh  and  Irish  flags  were  also 
laid  to  a  considerable  extent. 

In  substituting  granite  curbstones  for  sandstone  curbs, 
Mr.  Newlands  formed  the  wearing  surface  of  the  new 
curbs  to  the  section  produced  by  abrasion  upon  the  softer 
stone : — thus  presenting  a  larger  wearing  surface  to  the 
strokes  of  heavy  wheels,  and  minimising  the  superficial 
lateral  wear. 

Asphalte. — Asphalte,  the  mineral,  is  a  bituminous  lime- 
stone, or  pure  carbonate  of  lime  naturally  impregnated 
with  bitumen.  At  the  same  time,  asphalte  is,  in  a  scientific 
sense,  synonymous  with  bitumen. 

Bituminous  limestone,  or  asphalte,  is  a  rock  consisting 
of  from  90  to  94  per  cent,  of  carbonate  of  lime,  and  from 
6  to  10  per  cent,  of  bitumen.  The  rock  is  of  a  liver-brown, 
or  deep  chocolate  colour ;  it  takes  an  irregular  fracture, 
with  definite  cleavage,  and  the  texture  and  the  grain  vary 
with  the  layers.  The  specific  gravity  is  from  2*20  to  2-30. 
Exposed  to  the  atmosphere,  asphalte  gradually  assumes  a 
light  grey  tint,  caused  by  the  evaporation  of  bitumen  from 
the  surface. 

The  asphalte  used  for  the  construction  of  carriage-way 
pavements,  is  brought  chiefly  from  the  Yal  de  Travers, 
a  few  miles  from  the  town  of  Neuchatel,  in  Switzerland. 
Limmer  asphalte  is  brought  from  a  mine  situated  at 
Limmer,  near  the  city  of  Hanover,  and  from  another  mine 
at  Yorwohle,  near  Alfeld,  in  Brunswick.  The  Seyssel 
asphalte  is  obtained  from  mines  at  Pyrimont  and  Garde 
Bois,  at  Seyssel,  in  France. 
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Asphalte,  as  excavated,  must  be  pulverised  "before  being 
used,  by  decrepitation  at  a  temperature  of  from  212°  to 
300°  Fahr.,  or  by  mechanical  means.  It  is  applied  in  two 
modes  for  tlie  formation  of  pavements  : — 1st,  as  cotnpressed 
asphaUe,  wbich  is  obtained  by  beating  tbe  powder  to  from 
212°  to  250°  Fahr.,  and  causing  tbe  particles  to  cohere  by 
the  application  of  pressure.  2nd,  as  liquid  asphaUe,  or 
asphaltic  mastic,  for  which  a  manufacturing  process  is  neces- 
sary. The  powder  is  heated  with  from  5  to  8  per  cent,  of 
free  bitumen;  the  bitumen  acts  as  a  flux,  the  mixture 
melts,  and  is  run  into  moulds  for  use,  forming  cheeses 
12  inches  in  diameter  and  4  inches  thick.  Like  rock 
asphalte,  mastic,  heated  alone,  does  not  melt ;  it  only  be- 
comes soft.  To  be  re-melted,  a  fresh  quantity  of  bitumen 
must  be  added.  For  paving,  a  large  proportion  of  sand  or 
small  gravel  is  mixed  with  it,  even  to  the  extent  of  60  per 
cent.  No  chemical  union  takes  place  between  the  mastic 
and  the  sand,  but  the  cohesion  is  so  complete  that  the 
fracture  of  sanded  mastic  shows  the  simultaneous  fracture 
of  the  grit ;  and  the  power  of  resistance  to  the  heat  of  the 
sun  is  increased  by  the  admixture. 

The  Yal  de  Travers  and  the  Seysell  rocks  are  the  only 
two  natural  asphaltes  used  in  laying  compressed-asphalfce 
roadways.  The  former  has  not  quite  so  close  a  grain  as 
the  latter,  and  it  is  softer,  and  is  more  regularly  impreg- 
nated with  bitumen. 

Artificial  AsphaUe. — By  mixing  heated  limestone  and 
gas-tar,  a  material  possessing  some  of  the  properties  of 
asphaltic  mastic  has  been  obtained.  But  gas-tar  is  a  very 
inferior  form  of  bitumen  for  paving  purposes :  it  passes 
from  the  dry  to  the  liquid  state,  and  conversely,  according 
to  the  season,  and  it  is  brittle. 

Wood. — Both  soft  and  hard  woods  are  employed  for 
paving :  closed-grained  wood  of  the  pine  family,  as  Cana- 
dian '  and  Baltic  yellow  pines ;   and  hard  woods,  as  oak, 
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elm,  ash,  and  beech.  Spruce  and  white  deals  are  not  very 
suitable  for  paving  purposes.  The  following  Table,* 
No.  11,  shows  the  average  crushing  resistance  of  cubes  of 
timber,  of  from  1  inch  to  4  inches,  lineal  dimension,  in 
the  direction  of  the  fibre  : — 


Table  No.  U. — Crushing  Resistance  of  Timber, 
Cubes,  1  inch  ;  2  inch ;  3  inch ;  and  4  inch. 


Crushing 

Name  of  Timber. 

resistance 

per  sq.  inch. 

toils. 

English  oak,  unseasoned 

2-19 

Do.          seasoned 

3-34 

Dantzic  oak  . 

3-34 

American  white  oak  . 

2-71 

Moulmein  teak 

2-56 

Iron  wood     . 

5-21 

Greenheart    . 

6-44 

Hondurus  -mahogany 

2-85 

EngHsh  elm  .             , 

2.58 

Canadian  elm 

2-45 

Dantzic  fir     . 

3-10 

Riga  fir 

2-34 

Spruce  fir 

217 

Larch 

2-60 

Red  pine 

2-54 

Yellow  pine  . 

1-88 

Pitch  pine      .            .            .            . 

2-88 

Mr.  D.  T.  Hope,f  in  1844,  recorded  the  results  of  experi- 
ments made  by  him  on  the  comparative  wear  and  endur- 
ance of  wood-paving,  laid  in  the  same  line  of  carriage-way, 
resting  on  the  same  concrete  foundation,  and  exposed  to 
the  same  kind  and  amount  of  traffic.  The  blocks  of  wood 
were  constructed  with  the  fibre  placed  vertically,  placed 
horizontally,  and  also  placed  at  various  inclinations  to  the 

*  Derived  from  "A  Manual  of  Rules,  Tables,  and  Data,"  by  D.  K. 
Clark,  1877,  page  541. 

t  "  Transactions  of  the  Royal  Scottish  Society  of  Arts,"  1844, 
page  231. 
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vertical.  Continuous  observations  were  made  for  a  period 
of  18  months.  It  was  found  that  the  wear  or  reduction  of 
height  of  the  wood  blocks  was  greater  during  the  first 
three  months  than  during  the  following  quarters.  The 
more  rapid  wear  at  the  commencement  of  the  trial  was 
ascribed  by  Mr.  Hope  to  initial  compression  of  the 
fibres :  the  blocks  with  vertical  fibres  presented  a  more 
compact  surface  than  when  they  were  originally  laid,  and 
the  surface  was  so  impregnated  with  sand  that  it  had  more  of 
the  appearance  of  sand  than  of  wood.  The  following  shows 
the  total  amount  of  wear  at  the  end  of  18  months : — 

Wear  at  the  end  of  18  months. 


Wood,  vertical  fibre 

. 

•125  inch, 

ovk 

inch 

„       fibre  inclined  at  7-5^ 

•147 

,, 

-^0 

„    bare 

)>                  1) 

60 

•182 

« 

^e- 

j>      » 

»                   » 

45 

•241 

>> 

1 

4 

»       it 

f>                   >» 

30 

•312 

» 

^%- 

>>       j» 

n                       »> 

15 

•379 

„ 

1 

„      full 

«                       » 

horizontal 

•480 

» 

4 

„     bare 

It  is  clear  that  the  resistance  of  the  wood  was  most 
effective  when  the  fibres  were  in  a  vertical  position,  and 
least  effective  when  they  were  horizontal.  The  horizontal 
fibres  presented,  when  worn,  the  appearance  of  heaps  of 
broken  strings.  It  is  evident,  further,  that  the  more 
nearly  the  fibres  were  presented  in  an  upright  position, 
the  less  was  the  wear,  and,  of  coarse,  the  greater  was  the 
durability. 


CHAPTEE  n. 

CONSTRUCTION   OF   MODERN  MACADAM  ROADa 

In  addition  to  the  detailed  account  of  the  construction  of 
roads,  given  hy  Mr.  Law,  in  the  first  part  of  this  work,  a 
few  words  may  be  added  as  to  the  usual  modes  of  construc- 
tion now  adopted.  The  levels,  gauges,  plummet-rules, 
and  prong-shovels,  formerly  employed  in  the  setting  out 
and  construction  of  roads,  described  at  pages  84  to  88, 
are  not  now  used.  ''Boning  rods"  are  used  for  fixing 
the  inclination  of  the  surface,  longitudinally  and  trans- 
versely, by  the  eye. 

First-class  Metropolitan  Roads. — ^When  the  ground  has  been 
excavated  and  levelled,  it  should  be  rolled,  when  it  consists 
of  clay.  A  bottoming,  or  bed,  12  inches  thick,  of  "hard- 
core," is  laid  on  the  ground;  it  may  consist  of  brick- 
rubbish,  clinker,  old  broken  concrete,  broken  stone  or 
shivers,  or  any  other  hard  material,  in  pieces.  The  bed 
should  be  rolled  down  to  a  thickness  of  9  inches,  and  any 
loose  or  hollow  places  made  up  to  the  level. 

Next  comes  a  layer  of  Thames  ballast,  5  inches  thick, 
rolled  solidly  to  a  thickness  of  3  inches.  The  ballast 
serves  to  fill  up  the  vacancies  in  the  bottoming,  and,  being 
less  costly,  saves  so  much  of  the  cost  for  broken  granite. 

Broken  granite,  or  macadam,  is  laid  upon  the  prepared 
surface  of  the  ballast,  in  two  successive  layers,  3  inches 
thick,  rolled  successively,  to  a  combined  thickness  ot 
4  inches ;  a  layer  of  sharp  sand,  J  inch  or  j  inch  thick 
should  be  scattered  over  the  second  layer,  and  rolled  into 
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it  with  plenty  of  water.  But  it  is  better  to  add  the  sand 
and  the  water  as  the  second  layer  of  granite  is  laid,  and 
to  roll  them  well  together. 

Broken  Gruernsey  granite,  which  is  hard  and  enduring, 
is  the  best  material  for  the  coating  ;  Aberdeen  granite  is 
softer,  and  is  not  so  good  for  the  purpose.  Flints  are,  in 
some  instances,  laid  instead  of  granite  ;  but  they  are 
worst  of  all  for  the  coat,  for  they  are  brittle,  and  are  soon 
reduced,  by  the  traffic,  to  small  fragments. 

In  transverse  section,  the  contour  of  the  road  is  a 
segment  of  a  circle.  Indeed,  all  roads  and  streets  are, 
or  should  be,  circular  in  section.  The  general  practice  is, 
in  this  respect,  at  variance  with  the  practice  recommended 
by  Mr.  Law,  page  75,  where  he  recommends  that  the 
section  of  the  surface  should  be  formed  of  two  inclined 
straight  lines,  joined  by  a  flat  curve  at  the  middle,  form- 
ing a  species  of  ridgo.  The  advantage  of  the  circular 
section  consists  in  the  fulness  given  to  the  ''  shoulders  " 
of  the  road,  which  lie  in  the  lines  of  the  traffic  on  each 
side  of  the  centre  line  of  the  road,  and  thus  present  a  full 
surface  for  wear. 

Second-class  Metropolitan  Roads  are  usually  constructed 
of  a  hard  core  of  brick  rubbish,  or  other  material,  about 
9  inches  thick,  and  a  layer  of  broken  granite,  or  of  flints, 
about  four  inches  thick.  The  material  is  not,  in  general, 
submitted  to  rolling,  except  by  the  action  of  the  traffic. 

Country  Roads. — The  regular  width  of  country  roads  is 
18  feet;  but  some  of  them  are  only  10  feet  wide,  and 
others  may  be  more  than  18  feet.  The  bottom  is  excavated 
with  a  flat  floor,  not  being  rounded  to  the  contour  of  the 
surface.  The  bottom  laj^er,  or  hard  core,  consists  of  any 
hard  and  dry  rubbish: — broken  bricks,  lumps  of  chalk, 
or  hard  flints.  The  material  most  usually  employed  con- 
sists of  flint-stones,  which  are  got  out  of  the  fields.  The 
largest  stones,   which  may  be  as  much  as  6  or  8  inches 
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across,  are  laid  at  the  bottom.  Chalk  flints  answer  best 
for  the  bottoming.  They  are  rough,  and  they  bind 
firmly  together,  and  are  open,  affording  free  space  for 
drainage.  If  the  bottom  is  of  solid  material,  as  chalk  or 
rock-stuff,  the  bed  is  laid  in  to  a  thickness  of  12  inches. 
If  it  be  soft,  as  of  clay  or  of  sand,  it  is  made  up  to  a 
thickness  of  1 8  inches. 

The  finishing  layer,  or  coating,  consists  of  flints  of  a 
smaller  size  ;  they  are  broken  up,  if  necessary,  to  the 
usual  size  of  macadam,  and  are  laid  6  inches  thick.  No 
binding  of  any  kind  is  employed,  nor  is  it  the  practice  to 
roll  the  roads. 


rig.  40.— Country  Road,  with  open  ditches. 


The  rise  of  a  road,  at  the  middle,  is  3  inches  for  a  width 
of  18  feet.  The  rule  for  the  rise  is  to  allow  1  inch  for 
every  6  feet  of  width : — giving  a  slope  of  1  in  36,  which  is 
sufficient  for  running  off  rain-water,  and  leaving  the  roads 
dry.  For  roads  10  feet  wide,  a  greater  degree  of  rise  is 
given,  where  ditches  cannot  be  got  in.  Openings  are 
made  through  the  fences  at  each  side  to  let  off  surface- 
water  into  the  adjoining  fields.  Mr.  J.  G-.  Crosbie  Dawson 
states  that  he  has  made  many  gravel  roads,  from  12  to 
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18  inclies  tHck,  at  a  cost  of  from  2s.  6d.  to  3s.  6d.  per 
square  yard. 

The  general  conformation  of  a  country  road,  with 
hedges,  and  with  an  open  ditch  at  one  or  both  sides,  for 
collecting  surface  and  drainage  water,  is  shown  by  Fig.  40. 
Side  ditches  are  a  frequent  cause  of  overturns  and  other 
accidents.  The  improved  country  road,  proposed  by  the 
Committee  of  the  Society  of  Arts, '^  is  represented  by  Fig.  41, 


Fig.  41.— Proposed  Country  Eoad,  with  wheel-tracks  and  subsoil  drains. 


in  which  the  side  drains  are  suppressed,  and  replaced  by 
covered  drains,  which  act  also  as  subsoil  land-drains. 
Wheel-tracks  of  asphalte,  horse-tracks  of  concrete,  and  a 
foot-path  of  asphalte  are  also  proposed. 

*  Keport  of  the  Coumiittee  of  the  Society  of  Arts  on  Traction  on 
Moads,  1875. 


CHAPTEE  m. 

MACADAMIZED  ROADS.— WEAR.. 

It  was  maintained  by  Macadam  (see  page  90)  that 
for  ease  of  draft,  a  yielding,  elastic  road  was  preferable 
to  a  road  constructed  according  to  the  prescription  of 
Mr.  Telford,  on  a  rigid  or  paved  foundation.  The  dis- 
tinction rests  entirely  upon  the  precise  signification  attached 
to  the  word  "elastic."  If  the  elasticity  be  perfect,  like 
that  of  an  indiarubber  wheel -tire,  where  the  reaction 
or  uplifting  force  is  exactly  equal  to  the  resistance  to 
depression  under  a  load,  it  maybe  logically  maintained 
that  the  elastic  road  is  better  for  draft.  But  this  condition 
is  impossible  in  practice ;  and  Mr.  Pro  vis  exactly  defined 
an  elastic  road  as  "  that  which  will  give  way  by  pressure, 
and  rise  again  to  its  original  position  when  the  pressure  is 
removed  " — tacitly  assuming  that  time  is  consumed  in  the 
reaction,  after  the  pressure  is  removed.  Moreover,  as  Sir 
John  Macneil  justly  observed,  "  where  there  is  a  yielding 
and  elasticity  in  the  road,  there  must  be  motion  among  the 
particles  with  which  the  road  is  formed,  and  this  motion 
produces  wear."  *  And,  again:  "If  the  road  be  weak  or 
elastic,  and  bend  or  yield  under  the  pressure  of  the  wheels 
the  particles  of  which  it  is  composed  will  move  and  rub 
against  each  other,  or  perhaps  break  by  the  action  of 
heavy  wheels  over  them."  f     Herein  lies  the  gist  of  the 

*  "Roads,"  by  Sir  Henry  Parnell,  page  412. 

t  Report    of    the  Sele       Committee    on    Steam  Cai-riages,   1831, 
page  97. 
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argument  against  the  admission  of  any  perceptible  range 
of  elastic  action ;  and  Sir  John  Macneil  touclied  the  essen- 
tial element  of  legitimate  elastic  action,  when  he  located  it 
''  on  the  surface  and  at  the  point  of  contact."  This  is  pre- 
cisely the  mode  of  elastic  action  of  a  wood-j)avement : — a 
material  which,  with  its  vertical  fibre,  acts  as  a  coat  of 
velvet  might  be  supposed  to  do,  simply  to  absorb  and 
neutralise  minute  vibration  ;  and  it  is  the  only  kind  of 
action  that  is  admissible  in  the  work  of  a  road.  Sir  John 
Macneil  adduced  the  results  of  experiments  on  London 
streets,  in  which  he  found  that,  when  broken  granite  was 
laid  down,  there  was  little  crushing'  on  the  sui-face,  but  a 
good  deal  below.  He  found  "that  a  great  portion  of  the 
wear  took  place  near  the  bottom;  the  stones  there  got 
round  after  a  very  short  time.  They  were  all  jumbled 
together ;  the  lower  part  of  the  stratum  was  on  clay. 
Before  it  became  a  solid  mass  at  all,  the  wheels  worked 
through,  and  the  stones  were  kept  in  motion,  and  rubbing 
against  each  other,  from  top  to  bottom."  Then  he  tried 
the  experiment  of  laying  '^  a  portion  on  a  very  solid  foun- 
dation, and  the  same  quantity  was  put  over  it.  I  took  up 
a  portion  of  both  roads,"  he  adds,  ''  and  we  found,  where 
the  road  was  about  15  or  16  inches  thick  [with  a  9-inch 
pavement],  and  the  stones  6  inches  thick  over  the  broken 
pavement,  they  were  quite  square,  and  as  perfect  as  when 
put  on.  In  the  other  case  [simple  macadam],  it  was  not 
80."  ''  There  are  two  things  to  be  considered^  when  a 
road  is  newly  made :  there  is  very  great  wear  indeed,  in 
the  first  instance,  if  there  be  not  a  pitched  foundation ; 
that  is  different  from  the  wear  that  takes  place  when  it  is 
nearly  consolidated.  To  bring  it  into  a  solid  state,  the 
wear  is  great.  If  there  are  4  inches  of  broken  stone  on 
the  top  of  a  pitched  foundation,  you  may  get  that  road  into 
a  perfectly  hard  and  consolidated  state,  by  the  ordinary 
ti'avelling  over  a  turnpike  road,  in  about  three  months  j 
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but  if  you  put  on  the  same  thickness  of  stone,  without  a 
foundation,  you  will  not  get  it  into  a  perfect  state  in  three 
or  four  times  as  long."  * 

The  bearing  of  Sir  John  Macneil's  exhaustive  evidence 
is  very  direct  upon  the  comparative  wear  of  ''weak  or 
elastic  roads,"  and  roads  with  a  rigid  pavement-bottom. 
He  adduces  an  instance  in  which  an  experiment  was  accu- 
rately made  to  test  the  relative  wear  of  roads  so  con- 
structed:  ''The  wear  was  found  to  be  4  inches  of  hard 
stone,  when  it  was  placed  on  a  wet  clay  bottom ;  while  it 
was  not  more  than  half  an  inch  on  a  solid  dry  foundation, 
or  with  a  pavement  bottom,  on  a  part  of  the  same  road, 
where  it  was  subject  to  the  same  traffic."  f 

Estimates  have  been  formed  of  the  relative  tear  and 
wear  of  roads  due  to  the  action  of  the  horse-shoes  and  the 
action  of  wheels.  Mr.  John  Farey  stated  that  a  cart- 
horse, walking  at  a  speed  of  2^  miles  per  hour,  could  draw 
with  a  force  of  traction  of  100  lbs.,  on  an  average,  for 
8  hours  a  day ;  but  that  a  stage-coach  horse,  running  at  a 
speed  of  10  miles  an  hour,  could  not  exert  more  than 
28  lbs.  force  of  traction,  on  an  average,  for  H  hours  a 
day.  The  comparative  efficiency  of  the  animal  is  readily 
worked  out.  The  work  done  per  hour,  on  duty,  and  per 
day,  are  as  follows : — 

Work  done  in  pounds 
through  one  mile. 
Speed  in  Traction         V^^  hour.  per  day. 

miles  per  hour.  '     mile-pounds,     mile-pounds. 

Cart-horse  .  2^  100  lbs.  250  2000 

St;ige  coach-horse  10  28    „  280  420 

The  comparison  clearly  indicates  that,  whilst  the  work 
done  by  a  horse  per  hour  at  work,  is  a  little  greater  at 
10  miles  per  hour  than  at  a  fourth  of  the  speed,  the  day's 
work,  on  the  contrary,  is  very  much  less, — little  more  than 

*  "  Roads,"  by  Sir  Henry  Parnell,  pages  412,  413. 
t  Report   of  the    Select    Commiltee    on    fcteam   Carnages,    1831, 
page  97. 
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a  fiftli.  It  is  prol)able  that  the  injury  done  to  the  road  is 
in  the  same  proportion  as  the  day's  work  done.  *'In 
heavy  wagons,"  says  Mr.  Farey,  "  drawn  slowly  by  horses, 
the  horses  do  far  more  injury,  by  digging  and  scraping 
with  their  feet,  than  is  done  by  the  horses  in  coaches  and 
vans  travelling  quickly ;  because  the  wagon-horses,  having 
a  heavy  pull  to  make,  must  choose  places  in  the  road 
where  they  can  place  their  feet  in  depressions  in  order  to 
get  hold;  hence,  on  a  smooth,  good  road,  they  slip,  and 
scrape  up  the  surface."  Again  :  ^'  The  horses,  by  treading 
with  their  feet,  excavate  and  scrape  out  depressions  in  the 
surface  of  the  road ;  that  is  particularly  the  case  before 
the  road-materials  are  consolidated  into  a  solid  mass.  In 
this  manner,  the  horses,  after  injuring  the  road  them- 
selves, prepare  the  way  to  further  injury  to  the  road  by 
the  wheels  of  carriages."  * 

"With  respect  to  the  comparative  action  on  a  road  of  the 
feet  of  horses  and  the  wheels  of  vehicles,  Mr.  Telford  con- 
sidered that  the  tearing  up  of  a  well-made  road  by  horses' 
feet  was  much  more  injurious  to  the  road  than  the  pressure 
of  the  wheels. 

Sir  John  Macneil  stated  that  a  four-horse  stage-coach 
weighed  from  15|  cwt.  to  18  cwt.,  and  frequently  carried 
upwards  of  2  tons  of  passengers  and  goods ;  and  the  total 
average  weight  amounted  to  from  2^  to  2^  tons  gross. 
The  tires  of  the  wheels  were,  in  general,  2  inches  wide ;  in 
some  instances  rather  less  than  2  inches.  Some  tires  were 
rounded,  forming  in  cross  section  a  segment  of  a  circle 
1:^  inch  in  diameter.  The  action  of  these  rounded  tires 
was  found  to  be  extremely  injurious  to  the  road ;  coach- 
men complained  that  carriages  fitted  with  such  rounded 
wheel-tires  ''ran  wild"  in  descending  hills  in  summer; 
and  that  they  ran  ''  heavy"  in  winter,  when  the  roads  were 

♦  Eeport  of  Select  Couimittee  on  Steam  Carriages,  1831,  page  57. 
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soft  and  muddy.  Mail-coaclies  weighed  very  nearly  20  cwt., 
and  frequently  carried  a  ton  of  letters  and  parcels,  in  addi- 
tion to  their  complement  of  passengers.  The  tires  of  their 
wheels  were  2^  inches  wide.  Again,  the  four-horse  vans, 
which  travelled  at  a  speed  of  6  miles  per  hour,  weighed,  on 
an  average,  4^  tons  gross,  with  2^-inch  tires.  There  were 
four  descriptions  of  wagon  in  general  use — 8-horse,  6-horse, 
4-horse,  and  farm-wagons  of  2  or  4  horses.  Sir  John  Mac- 
neil  maintained  that,  on  all  gravel  roads,  however  made, 
without  foundation  or  bottoming,  the  load  on  the  road  for 
a  wheel  4  inches  wide  at  the  tire  should  not  exceed  15  cwt. ; 
and  for  wheels  of  less  width,  10  cwt.  He  gave  a  table 
showing  the  weight  actually  carried  per  inch  of  width  of  tire- 
bearing,  and  what  he  conceived  might  be  the  width  of  tires 
if  they  were  made  cylindrical,  with  an  even  bearing,  allow- 
ing 1  inch  of  total  width  of  four  wheels  for  each  ton  of  gross 
weight ;  or  1  inch  of  width  in  each  tire  per  5  cwt.  of  gross 
weight. 

Table  No.  12. — ^Weight  of   Vehicles  and   Width   of  Tiees   on 

Common  Roads. 

(Sir  John  Macneil.) 


DescripUon  of  Vehicle. 


Mail  coach 
Stage  coach 
Van 
Wagon 

Do. 

Do. 


Width 

Speed  in 

Average 

of       ! 

miles  per 

gross 

wheels 

hour. 

weight. 

and 
tires. 

miles. 

tons. 

inches. 

9  to  11 

2 

2i 

8  to  11 

% 

2 

6  to  7 

2^ 

21  to  3 
2^  to  3 

6 

9 

^1 

6 

2^  to  3 

4 

Pres- 
sure of 

Pres- 
sure per 

Width    of 

wheel, 
allowing 

wheel. 

width. 

5  cwt.  per 
inch  of  til  e. 

cwts. 

cwts. 

inches. 

10 

4-40 

2 

12-5 

6-25 

2| 

41 

21-25 

8  29 

2.5 

2  77 

6 

22  5 

375 

H 

175 

4-37 

3i 

From  the  table  it  appears  that,  in  the  four-horse  van,  the 
greatest  load  per  inch  of  tire  upon  the  road  amounted  to 
8*3  cwt.  i  and  though  Sir  John  Macneil  found  that  good 
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hard  roads  may  support  concentrated  loads  of  10  cwt.  per 
inch  of  width  of  tire,  he  considered  that,  for  ''  the  generality 
of  roads,"  the  concentrated  load  per  inch  of  width  of  tire 
ought  not  to  exceed  a  maximum  of  5  cwt.  He  judged  that 
the  wear  of  roads  caused  by  horses'  feet  increased  with  the 
speed  of  transit ;  and  adduced  in  support  of  this  conclusion 
the  facts  that,  whilst  a  coach-horse,  going  at  10  miles  per 
hour,  ran  270  miles  per  month,  and  wore  away  4  pounds 
of  iron  in  shoes  ;  a  wagon-horse  going  at  3  miles  per 
hour,  and  walking  26  miles  per  day,  or  416  miles  per 
month,  wore  away  4* 8  pounds  of  iron  in  shoes.  From 
these  data,  it  appears  that  the  coach-horse  ran  67*5  miles 
for  each  pound  of  iron  worn  off,  and  that  the  wagon- 
horse  walked  86*5  miles  for  each  pound  of  iron  worn  off. 
These  data,  though  they  show  a  greater  rate  of  wear  at 
the  higher  speed,  scarcely  suffice  to  confirm  the  conclusion 
drawn  by  Sir  John  Macneil ;  for  the  wear  of  shoes  is  due 
entirely  to  abrasion,  whilst  that  of  the  surface  of  the  road 
is  due  to  abrasion  combined  with  excavation.  According 
to  another  of  his  estimates,  it  appears  that,  in  running 
63,000  miles,  1,000  pounds  of  shoe-iron  were  worn  away; 
showing  that  63  miles  were  run  by  a  horse  for  each  pound 
of  shoe-iron  worn  off.  It  also  appeared  that  for  an  equal 
mileage  of  mail-coaches  and  stage-coaches,  of  which 
the  hind  wheels  were  4  feet  8  inches  high,  and  the  fore 
wheels  3  feet  high,  the  tires  were  worn  down  from  the 
original  section,  2  inches  wide  by  |  inch  thick  to  a 
thickness  of  ^  inch,  losing  327  pounds ;  showing  that 
193  miles  were  run  by  a  coach  for  each  pound  of  tire-iron 
worn  off,  or  three  times  the  mileage  run  per  pound  of 
shoe-iron. 

From  the  evidence  of  the  comparative  wear  of  shoe-iron 
and  tire-iron,  and  other  considerations.  Sir  John  Macneil 
framed  an  estimate  of  the  relative  proportions  in  which  a 
road  was  deteriorated  by  the  action  of  atmospheric  changes, 
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wheels,  and  horses'  feet.     For  '' the  generality  of  roads" 
the  proportions  were  as  follows  : — 

Cause  of  Wear  or  Injury.             For  Fast  Coaches.  For  Wagons, 

per  cent.  per  cent. 

Atmospheric  changes         .             .             20  20 

Wheels       ....             20  35 '5 

Horses'  feet  that  draw  the  vehicles           60  44-5 

100  100 

Mr.  James  Macadam,  in  1831,  considered  that  a  vehicle 
of  any  description,  required  to  carry  a  great  load,  say, 
5  or  8  tons,  ought  to  have  wheels  with  tires  at  least  4^  inches 
wide,  flat  or  cylindrical.  He  preferred  that  width  to  any 
other  width,  being  of  opinion  that  it  was  the  maximum 
width  of  tire  that  could  at  the  same  instant  touch  the  sur- 
face of  a  well-formed  road.*  For  a  gross  weight  of  8  tons, 
or  2  tons  per  wheel,  it  is  seen  that  the  weight  amounted 
to  9  cwt.  per  inch  of  width — considerably  in  excess  of  the 
working  limit  assigned  by  Sir  John  Macneil. 

M.  Dupuit  tested  the  width  of  surface  in  active  contact 
with  tires  of  various  widths,  on  roads  slightly  wetted ;  and 
he  found  that  the  marks  of  contact  with  the  road  traced  on 
the  middle  of  the  tires  were  practically  of  equal  width  for 
various  widths  of  tire,  amounting  to  about  3^  inches  on  a 
tire  6f  inches  wide.  The  pressure  appeared  not  to  have 
been  uniformly  distributed  over  the  width  of  surface  in 
contact ;  and  near  the  edges  of  the  tires  the  pressure  was 
nearly  nothing.  On  the  tires  of  a  stage-coach,  5^  inches 
wide,  the  width  of  contact  was  limited  to  2^  inches.  M. 
Dupuit  ascribes  the  limitation  of  width  of  contact  to  the 
natural  rounding  of  the  tires  by  wear  and  stress,  towards 
the  edges,  by  which  the  circumference  of  the  wooden  fellies 
themselves  are  likewise  rounded ;  and  he  condemns,  as 
illusory,  the  use  of  wide  tires  for  the  better  distributing  of 
excessive  loads.     He   maintains  that  wide  tires  are  only 

*  Report  of  the  Select  Committee  on  Steam  Carriages,  1831,  page  91. 
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useful  when  they  take  a  bearing  for  the  whole  width, 
which  can  only  happen  when  the  road  is  soft,  loose,  or  in 
bad  condition ;  or  when  the  ruts  are  filled  up  and  require 
to  be  rolled.  As  a  matter  of  fact,  a  6 1 -inch  tire  practically 
becomes,  after  a  few  days,  a  5^ -inch  tire ;  and,  after  a  few 
months  of  wear,  a  4|-inch  tire.  He  adds  that  6f-inch 
tires  wear  out  after  running  10,000  miles,  losing  530 
pounds  of  iron  ;  showing  that  for  each  pound  of  iron  worn 
off,  19  miles  were  traversed: — less  than  a  fourth  of  the 
mileage  per  pound  deduced  from  Sir  John  Macneil's 
data  for  wagons,  and  countenancing,  certainly,  M.  Dupuit's 
opinion  that  great  width  of  tire  is  illusory,  and  adds  weight 
without  efficiency. 

From  these  and  other  considerations,  it  is  obvious  that 
the  wear  of  macadam  roads  must  necessarily  be  much 
greater  than  that  of  paved  roads  or  streets.  Mr.  Mitchell's 
remarkable  analysis  of  the  material  of  a  macadam  road, 
about  to  be  noticed,  places  this  conclusion  in  a  clear 
light. 

A  cubic  yard  of  broken  stone  metal,  of  an  ordinary 
size — 2  inches  or  2^  inches  cube — when  screened  and 
beaten  down  in  regular  layers  6  inches  thick,  contains, 
according  to  Mr.  Mitchell,  1 1  cubic  feet  of  interspaces,  as 
tested  by  filling  up  the  metal  with  a  liquid.  Herr  E. 
Bokeberg,  of  Hanover,  who,  says  Mr.  Paget,  made  many 
very  careful  experiments  on  the  proportion  of  vacuity  to 
solid  material,  found  that,  in  a  loosely-heaped  cubic  yard 
of  broken  stones,  void  space  amounted  to  one -half  of 
the  total  volume.  As  the  stones  became  rounded  at  the 
corners  by  wear,  the  vacuities  were  reduced  to  37  per  cent, 
of  the  gross  bulk,  or  to  10  cubic  feet  These  results  indicate 
that  the  interspaces  of  the  new  stones  were  reduced  by 
compression  to  nearly  the  same  volume  as  was  attained  after 
the  corners  had  been  rounded  without  compression.  The 
operation  of  consolidation  necessarily  reduces  the  thickness 

H 
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of  the  coating.  A  large  portion  of  the  vacant  space  be- 
comes filled  with  mud,  which  forms  the  cementing  matter, 
ground  from  the  metal.  The  primitive  mass  of  16  solid 
cubic  feet  of  broken  stone  is,  in  fact,  crushed  into  every 
variety  of  form  down  to  the  finest  sand, — a  small  proportion 
only  of  the  stones  remaining  of  their  original  dimensions. 
Mr.  Mitchell*  gives  the  results  of  an  analysis  of  a  portion 
of  the  crust — 2^  cubic  feet — of  the  macadamised  road  in  the 
Mall,  in  St.  James's  Park,  which  was  taken  up  for  examina- 
tion. The  component  parts  of  the  sample  were  carefully 
separated  and  classed,  when  it  was  found  that  one  cubic 
yard  contained — 

Mud 

Sand,  witli  pebbles,  not  exceeding  3-16  inch  thick 
Stones,  from  3-16  inch  to  ^  inch 
Stones,  from  |  inch  to  1  inch  .... 
Stones,  from  1  inch  to  2^  inch 

Total  vo'ume,  1  cubic  yard,  or    27  00      „  100 

From  this  analysis,  it  appears  that  less  than  9^  per  cent. 
— say,  one-tenth — of  the  original  stone  escaped  unground  ; 
whilst  40  per  cent,  of  it  was  reduced  to  the  state  of  mud. 
These  proportions,  taken  as  they  stand,  are  too  favourable 
for  the  duration  of  the  stone  in  that  instance,  for,  no  doubt, 
the  sample  was  a  sample  of  the  remains  of  stone,  much  of 
which  must  have  been  swept  or  washed  off  out  of  sight. 
Mr.  Burt,  therefore,  cannot  be  much  amiss  in  his  estimate 
that  one-third  of  the  loose  road-material  used  in  London  is 
literally  wasted  by  being  ground  up  under  the  traffic 
before  the  consolidation  of  the  surface  is  effected. 

The  logical  inference  is  that  a  macadamised  road  is  not 
properly  fit  for  traffic  unless  it  is  condensed,  consolidated, 
and  reduced  to  a  hard   and  regular   surface  by  suitable 

*  "A  New  Mode  of  Constructing  the  Surface  of  the  Streets  and 
Thoroughfares  of  London  ani  other  Great  Cities,"  1870. 


Cubic 
feet. 
11-UO 

or 

Per 

cent. 

41 

2-40 

>» 

9 

6-56 

»» 

24 

4-48 
2-56 

16^ 
9| 

WEAR.  147 

appliances.  The  road-roller  has  long  been  successfully 
employed  in  France  and  Germany  for  this  purpose.  Mr. 
Paget*  states  that  a  well-rolled  road-covering  contains  at 
least  from  70  to  80  per  cent,  of  mass  of  stone,  leaving  only 
from  20  to  30  per  cent,  of  intermediate  space,  most  of 
which  is  filled,  especially  at  the  top,  with  clean  sand.  In 
a  cubic  yard,  the  spaces  would  amount  to  from  5^  to  8  cubic 
feet,  which  would  prove  that  the  spaces  are  reduced  by 
rolling  to  nearly  a  half  of  the  amount  when  the  new  metal 
is  not  rolled.  It  is  scarcely  necessary  to  insist  on  the  in- 
crease of  durability,  and  the  clear  gain  in  economy  of 
maintenance,  of  the  road,  by  efficient  rolling.  The  reduc- 
tion of  gross  bulk  by  the  process  of  rolling,  is  measured  by 
the  difference  of  the  volumes  of  interspace,  13^  cubic  feet, 
or  half  a  cubic  yard,  and,  say,  6f  cubic  feet,  the  mean  of 
o^  and  8  cubic  feet ;  that  is,  the  reduction  is  (13^  —  6f  =) 
6f  cubic  feet,  which  is  one-fourth  of  the  primitive  bulk,  or 
one-half  of  the  primitive  volume  of  the  interspaces. 

It  was  said  by  Macadam  that  the  annual  wear  of 
metalled  roads  amounted  to  from  1  inch  to  4  inches  of 
depth.  The  rate  of  vertical  wear  is  readily  calculated 
when  the  area  of  surface  covered  and  the  quantity  of 
metal  deposited  are  known. 

Since  a  cubic  yard  of  loose  broken  stone  contains  only 

one-half  of  its  volume,  or  13|  cubic  feet,  of  solid  stone,  its 

weight,  allowing  12  cubic  feet  of  solid  granite  to  1  ton,  is 

13-5 
approximately,  1  X  — —  =  1^  ton. 

Again,  one  cubic  yard  is  equivalent  to  36  square  yards 
1  inch  deep ;  and  1  ton  of  metal  laid  without  compression 

to  a  depth  of  1  inch  covers  an  area  of  (36  X  —  =)    32 

If 
square  yards.     When  the  metal  is  laid  and  rolled,  the 

♦  "Report  on  Steam  Road-Eolling,"  p.  10. 
H  2 
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primitive  volume  is  reduced,  as  was  found,  by  one-fourth, 

and  1  ton  of  rolled  metal  laid  to  a  depth  of  1  inch  covers 

an  area  one-fourth  less  than  32,  or  (32  X  f  = )  24  square 

yards. 

On  these  data,  the  following  rules  are  framed  : — 

HuLE  1. — To  find  the  average  vertical  depth  of  wear  'per  year 

of  a  macadamised  road,  when  the  area  of  surface,  and  the  weight 

of  metal  laid  per  year,  are  given. — Multiply  the  quantity  of 

broken  granite  laid  per  year,  in  tons,  by  32  when  not 

rolled ;  or  by  24  when  rolled ;  and  divide  the  product  by 

the  area  covered,  in  square  yards.     The  quotient  is  the 

average  vertical  depth  of  wear  per  year. 

For  example,  Mr.  Eedman  stated,  in  1854,  that  on  the 

Commercial  Eoad,  in  the   east  end  of  London,  10  yards 

wide  and  2  miles  long,  the  quantity  of  coating  of  broken 

granite  required  was  from  1  inch  to  H  inches   deep  per 

year,  or  a  total  of  1,200  tons  of  metal.     The  heavy  traffic 

of  the  road  was  then,  as  it  is  now,  conveyed  on  two  lines 

of  granite   tramway,    consisting  of  four  tracks  16  inches 

in  width,  occupying  together  a  width  of  64  inches,  or  1*78 

yards.      The     net   width    for   macadam    was,    therefore, 

(10  —  1-78  =)  8-22  yards.     The  length  was  (2  x  1,760  =) 

3,520  yards;  and  the  area  of  macadam  was  (3,520  X  8*22 

=  )  28,934  square  yards.     By  the  rule,  for  unrolled  metal, 

the   average  vertical  depth  of  material  supplied,  and  of 

1  200  X  32 
course  worn  off,  was  -~;^-^7:7-. — ,  =  r33  inches  ;  which  is 
28,934 

nearly  the  mean  of  1  and  H  inches  given  by  Mr.  Eedman. 

The  converse  rule  follows  directly  : — 

EuLE  2. — To  find  the  area  of  surface  that  can  he  covered  hy 

one  ton  of  broken  granite,  when  the  thickness  of  the  layer  is 

given. — Divide  32  by  the  thickness  of  the  layer,  in  inches, 

unrolled  ;   or,  divide  24  by  the  thickness  of  the  layer,  in 

inches,  when  rolled.     The  quotient  is  the  area  in  square 

yards. 


RULE    FOR   WEAR. 


149 


When  the  quantity  is  given  in  bulk,  the  rule  is  as 
follows : — 

RiJLE  3. — To  find  the  area  of  surface  that  can  he  covered  hy 
one  cubic  yard  of  broken  granite,  when  the  thickness  of  the  layer 
is  given. — When  the  metal  is  not  rolled,  divide  36  by 
the  thickness  in  inches  ;  the  quotient  is  the  number  of 
square  yards  that  can  be  covered.  When  the  metal  is 
rolled,  divide  27  by  the  final  thickness  in  inches,  to  give 
the  required  quotient. 

The  carriage-way  of  old  Westminster  Bridge,  30  feet 
wide,  was  worn  away,  according  to  Mr.  Browse,  at  the 
rate  of  5|^  inches  annually ;  the  carriage-way  of  Bridge 
Street,  adjoining  the  bridge,  wears  off  7  inches  per  year. 

The  quantity  of  broken  metal  worn  away  annually  from 
the  surface  of  roads,  is  an  exceedingly  variable  quantity, 
dependent  not  only  upon  the  nature  of  the  traffic,  but  also 
upon  the  mode  of  maintaining  the  road.  A  simple  method 
of  approximating  to  the  annual  rate  of  wear,  when  direct 
evidence  is  wanting,  is  suggested  by  data  given  by  Mr. 
Paget.*  He  takes  the  average  price  of  the  five-ounce 
Guernsey  granite  metalling,  used  in  London  in  1869-70, 
at  16s.  per  ton  delivered  on  the  roads,  and  he  shows  that 
the  cost  of  the  material  formed  a  large  proportion  of  the 
total  cost  for  maintenance.     For  instance  : — 


Total  cost  for 

Cost  of 

maintenance. 

material. 

Bond  Street      . 

£245 

£216 

or  88  per  cent. 

Piccadilly 

1384 

1359 

„   98       „ 

Bridge  Street,  Westmiaster 

341 

305 

»    89       „ 

Parliament  Street 

528 

473 

»   90       „ 

Victoria  Street 

869 

744 

,,    86       ,. 

Kensington  Koad 

1588 

1414 

„   90       ,, 

Totals  .         4955  4511  „    91       „ 

showing  that  about    nine-tenths    of   the  whole    cost    is 
♦  "  Report  on  Steam  Road-Rolling,"  page  32. 
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expended  on  the  purchase  of  metal.  When  the  total  cost 
is  known,  therefore,  together  with  the  superficial  area  of 
carriage-way  maintained,  the  cost  may  be  converted  into 
tons  by  dividing  it  by  I6s.,  and  the  quantity  and  depth  per 
square  yard,  approximately,  may  be  deduced. 


CHAPTEE   IV. 

MACADAMISED   KOADS :— COST, 

London. 

The  price  of  Guernsey  metalling,  delivered  in  London, 
is  now  (1877)  about  17s.  6d.  per  ton.  An  ordinary  mac- 
adamised road,  constructed  in  the  best  manner,  with  metal 
laid  9  inches  deep,  costs,  at  London  prices,  6s.  3d.  per 
square  yard. 

It  appears,  from  a  table  elaborated  by  Mr.  Paget,*  that 
in  1869  there  were  1,127  miles  of  macadamised  roads  in  the 
metropolis,  maintained  by  39  parishes  and  district  boards  of 
works,  comprising  an  area  of  upwards  of  21^  millions  of 
square  yards.  The  expenditure  for  maintenance,  exclusive 
of  cost  for  cleansing  and  watering,  averaged  from  four- 
teen of  the  returns,  amounted  to  £250  per  mile  of  road  per 
year,  equivalent  to  2s.  lOd.  per  lineal  yard.  If  the  average 
width  of  roadway  be  taken  at  10  yards,  the  cost  would  be 
at  the  rate  of  3*4  pence  per  square  yard.  The  ascertained 
costs  of  maintenance  appear  to  have  varied  from  If  pence 
to  2s.  per  square  yard  per  j'-ear  for  broken  granite  covering ; 
and  for  granite,  and  flint  and  gravel  coverings,  taken  to- 
gether, from  If  pence  to  14|  pence.  The  following 
table.  No.  13,  is  abstracted  from  the  larger  table  of  Mr. 
Paget : — 

•  "  Report  on  Steam  Road- Rolling." 
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Table  No.  13. — Macadamised  Roads  in  London:  Annual  Cost  of 

Maintenance  of  some  of  these  Roads  in  1868-69. 

(Exclusive  of  Cleansing  and  Watering.) 


1 

Laid  with  broken 
gi-anite. 

Laid  with 

broken  flints  or 

gravel. 

Total  of  mac- 
adamised road. 

H 

it 

.B'6 

Parish  or  District 

^ 

II 

a 

4 

aS 

Board  of  Works. 

i 
5 

s> 

! 

1 

g 

i 

Is. 

> 

3  S 

> 

s  ^ 

^ 

p  § 

< 

c  a 
a  <u 

< 

a  S 

<J 

gs 

<;"^ 

m.  y. 

feet. 

d. 

m.  y. 

feet. 

<*- 

d. 

mis.  yds 

feet. 

d. 

St.  Mary,  Lambeth 

15        0 

5| 

St.    G-eorge,    Han- 

over Square  .     . 

14       0 

40 

^ 

21  0 

40 

1-31 

St.  Leonard,  Shore- 

ditch     .... 

St.  Mary,  Newing- 

ton 

5        0 

131* 

St.  Giles,  Camber- 

well      .... 

7      0 

43  0 

50  0 

4|* 

St.  James  and   St. 

John,     Clerken- 

i 

well      .... 

2       0 

9  0 

5 

St  George  the  Mar- 

tyr, Southwark  . 

15       0 

33 

2 

St.  Martin' s-in-the- 

Fields  .... 

1  413 

30 

10  t 

Mile  End  Old  To'rni 

21  0 

H* 

St.    John,    Hamp- 

stead     .... 

33  0 

H 

Westminster     Dis- 

trict     .... 

14|t 

Wandsworth— Bat- 

tersea    .... 

2| 

Wandsworth-Toot- 

ing,  Streatham  . 

H 

Hackney  District    . 

7      0 

8i* 

Strand  District 

0  170 

24 

St.  Saviour's      .     . 

8      0 

1| 

Plumstead     .     .     . 

27      0 

20 

13  0 

40  0 

If 

♦  Including  Cleansing  and  Watering. 

+  Principal  thoroughfare  of  St.  Martin's-in-the-Fields  cost  2s.  per  square  yard 
per  year. 

t  This  cost,  of  14M.,  is  the  cost  for  maintenance  of  Parliament  Street,  White- 
hall, Great  George  Street,  Broad  Sanctuary,  Victoria  Street,  Bridge  Street,  Great 
Smith  Street,  James  Street,  Kensington  Roal,  Exhibition  Road,  Princes  Street, 
ftud  Rochester  Row.    Total  area— 72,329  square  yards. 
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The  actual  extent  of  tlie  variation  of  the  cost  of  mainte- 
nance of  macadamised  roads  in  London,  is  not  revealed  by 
these  tabulated  statements.  The  costs  for  individual  roads 
or  streets, — principal  thoroughfares, — exclusive  of  cleans- 
ing, have  been  stated,  by  various  competent  authorities, 
to  be  as  follows  : — 


Annual  cost 

Tear. 

Per  sq.  yd. 

Parliament  Street         ,             . 

1856 

2s.  4d. 

Do.                     .            .            . 

1869 

3s.  3d. 

Bridge  Street,  "Westminster 

1856,    1869 

3s.  ejd. 

Great  George  Street,  Westminster 

1856 

6id. 

Westminster  Bridge  (Old) 

1854 

2s.  Od. 

Piccadilly           .            ,             .             . 

1834—63 

2s.  5d. 

Do.               .            .            .            . 

1870 

38.  6d.  to  48 

Regent  Street    .            .            .            . 

1876 

3s.  7d. 

Cranbourne  Street  and  North,  Side  of 

Leicester  Square    . 

1870 

2s.  Od. 

Average  annual  cost        .  .         2s.  7jd. 

If  the  average  amount  of  vertical  wear  be  estimated 
from  these  rates  of  cost,  in  the  manner  before  indicated, 
taking  90  per  cent,  as  the  cost  for  metal,  the  vertical  wear 
would  be  found  to  vary  from  1  inch  to  7  inches  per  year. 
But,  it  must  be  admitted,  this  mode  of  estimation,  though 
suggestive,  is  inexact. 

Suburban  Highways. — The  Author  is  indebted  to  Mr. 
George  Pinchbeck  for  statistics  of  the  cost  for  maintaining 
the  suburban  highways  of  the  Metropolis,  Middlesex  side, 
for  one  year,  in  or  about  the  year  1855.  The  highways 
were  comprised  in  the  following  Metropolitan  Trusts  : — 
Kensington,  Uxbridge,  Harrow,  Kilburn,  Highgate,  Hamp- 
stead  and  Islington,  Stamford  Hill,  and  Hackney  Lea 
Bridge. 

Total  length  of  roads  for  this  account,  123^  miles. 
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Total.  Per  mile. 

Day  labour,  including  the  pumping  of  water  .        .  £9,500  £77*03 

Digging  gravel  and  preparing  materials,  per  contract  1,830  14*84 

Tram  labour,  including  watering     ....  13,500  109*50 

Flints,  per  contract 1,951  15*82 

Gravel          do. 2,460  19  94 

Granite  and  hard  stone 29,430  23860 

Wheelwright  work,  per  contract      ....  640  6*19 

Implements 255  2*07 

Smiths .         .  158  1*28 

Carpenters 251  2*04 

Bricklayei-s 328  2-66 

Stand-posts,  water-plugs,  pumps : — Repairs     .         .  365  2*96 

Pavior'sbill 165  1-34 

Water  for  Roads,  from  Companies  ....  2,000  16*22 

Material  and  Labour £62,833  or  £509*5 

Rent  of  Premises 270  2- 19 

Salariesof  Eight  Surveyors,  at  £170         .         .         .  1,360  11*03 

Do.          Engineer-in-Chief 700  5*68 

Do.          Solicitor 400  3*25 

Do.          Accountant 350  2*85 

General  Expenses £3,080  or  £25*0 

Total  Cost £65,913  or  £534*5 

If  the  width  be  taken  at  an  average  of  30  feet,  or  10 
yards,  the  area  maintained  per  mile  would  be  17,600  yards; 
and  the  total  cost  would  amount  to  7*29  pence,  say  l^d.^ 
per  square  yard  for  the  year,  made  up  as  follows : — 

Per  square  yard. 

Material  and  Labour 6*95  pence 

General  Expenses       -        »        ,         »        ,  -34     „ 

7*29  pence. 

There  were  required,  in  addition,  the  services  of  42  Com- 
miesioners,  which  were  rendered  gratuitously. 
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The  cost  for  material — that  is,  gravel,  flints,  and  granite 
and  other  hard  stone — amounted  to  £35,671  per  year,  or 
£289-20  per  mile,  or  about  4  pence  per  square  yard ;  being 
54  per  cent,  of  the  total  expenses. 

For  the  purpose  of  forming  an  estimate  of  the  quantities 
of  granite  and  flints  consumed  by  wear,  Mr.  Pinchbeck 
calculates  them  from  the  total  costs  for  the  materials, 
allowing  15  shillings  per  cubic  yard  for  granite  and  hard 
stone,  and  4  shillings  for  flints.  He  thence  deduces  that 
the  total  quantities  consumed  were  4,000  cubic  yards  of 
granite  laid  over  100  miles  of  road,  and  10,000  cubic  yards 
of  flint  laid  over,  say,  25  miles  of  road  ;  being  at  the  rate 
of  about  7i  inches  deep  of  granite  and  of  flints  for  the 
year. 

Local  Roads. — The  minor  roads  of  the  parish  of  Islington, 
36  miles  in  length,  were  maintained  by  the  authorities 
themselves.  The  average  cost  during  four  years  was 
£8,424  per  year,  or  £234  per  mile ;  which,  taking  an 
average  width  of  30  feet,  would  be  at  the  rate  of  3-13 
pence  per  square  yard. 

Birmingham, 
According  to  the  results  of  the  experience  of  mac- 
adamised roads  in  Birmingham,  in  1853,*  it  was  found 
that  the  vertical  wear  in  Bull  Street  was  less  than 
6  inches  per  year,  where  2,484  vehicles,  comprising  very 
heavy  traffic,  passed  in  ten  hours  in  one  day.  With  this 
exception,  the  greatest  amount  of  wear  was  4  inches  per 
year,  and,  taking  the  average  wear  for  the  whole  borough 
at  2  inches  per  year,  which  was  a  very  high  rate,  the  total 
cost  for  maintenance  was  estimated  at  4.d.  per  square  yard 
per  year.  Adding  2d.iov  the  cost  of  watering  and  cleansing, 

♦  "  On  Macadamised  Roads  for  the  Streets  of  Towns,"  by  Mr.  J.  P. 
Smith,  in  the  Proceedings  of  the  Institution  of  Civil  EngimerSj  vol.  xiii. 
page  221. 


156 


MACADAM     ROADS. 


the  total  annual  cost  was  estimated  at  6d.  per  square 
yard. 

But  the  actual  cost  for  the  year  1853,  when  the  actual 
average  wear  was  1 J  inch  per  year,  amounted  to  a  little 
over  3^d.  per  square  yard.  The  items  of  cost  are  given  as 
follows : — 

Length.    Area.  Material  used.  Cost  oi 

Miles.    Sq.  yds.      Tons.  material. 

Urban  streets      .      34      359,040  20,112  rag  stone,  &o.,       at  5s.  lid.    £5,949  18  6 
Suburban  streets 

and  roads        .    116    1,429,120  36,107  pebbles  and  gravel,  at  28.  6d.     4,513    7  6 

150    1,788,160    56,219  10,463    6  0 

Mr.  Smith  takes  the  volume  of  materials  at  the  rate  of 
a  cubic  yard  per  ton,  whence  the  calculated  rates  of  vertical 
wear :— 


Urban  streets 

Suburban  streets  and  roads . 

Material. 
Cub.  yds. 

20,112 
36,107 

Vertical    Cost  of 

wear     material 

I)eryd.  persq.  yd. 

inches,    per  year. 

2             4d. 

0-91      |d. 

Total 

66,219 

U         1-40 

The  cost  for  labour,  haulage,  management,  &c.,  inclusive 
of  cleansing  and  watering,  amounted  to  £16,131  5s.  6d.; 
and  the  items  of  cost  may  be  presented  concisely  thus : — 

Birmingham.  1863.  Per  sq.  yd.  Per  lineal 

Macadam  .  .  .       £10,463     6     0         l-40d.       £70* 

Labour,  management,  &c.         16,131     5     6        2-16d.       108 

26,594  11     6         3-56d.     £178 

showing  a  total  cost  of  3" 56  pence  per  square  yard  per  year, 
as  before  stated;  or  £178  per  lineal  mile  of  street  and 
road. 

The  statement  in  detail,  supplied  by  Mr.  Smith,  shows 
the  respective  amounts  for  the  various  items  of  cost,  as  here 
given.  The  proportional  values  of  these  amounts  are  added 
as  percentages  of  the  total  cost : — 
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Birminsrham. 

1853 

Percent. 

1.  Staff  of  officers  and  men 

£6,979 

10  7 

26-3 

2.  Keep  of  63  horses,  shoeing,  and  vete- 

rinary expenses 

3,276 

0  0 

12-3 

3.  Eagstone  and  Hartshill  stone 

5,949 

18  6 

22-4 

4.  Pebbles  and  gravel 

4,513 

7  6 

170 

6.  Water 

771 

3  8 

29 

6.  Cleansing  machines  and  brooms 

965 

6  8 

3-6 

9.  Team  hire 

631 

7  2 

2-4 

10.  Rent      .... 

12 

0  0 

00005 

11.  Gearing 

114 

6  4 

0-4 

12.  Wheelwright    . 

423 

7  3 

1-6 

18.  Stationery 

117 

7  9 

04 

22.  Sundry  accovmts 

.       2840 

6  1 

10-7 

Total  cost  for  maintenance,  cleansing 

and  watering    . 

'  £26,594 

11  6 

100-0 

Here  it  is  shown  that  the  cost  for  macadamising  materials 
for  maintenance  amounted  to  about  40  per  cent,  of  the 
total  cost.  The  cost  of  coarse-grained  schist,  with  23  per 
cent,  of  lime,  was  45.  ^d.  per  cubic  yard.  For  heavy- 
thoroughfares,  it  was  broken  up  into  cubes  of  about 
2  inches ;  but,  in  some  cases,  where  the  traffic  was  more 
than  ordinarily  severe,  the  pieces  were  4  inches  in  thick- 
ness. Generally,  for  streets  with  less  traffic,  the  thickness 
was  from  1  inch  to  H  inches.  The  size  of  the  stones  was 
proportioned  to  the  wear  and  tear  of  the  streets,  and  was 
suited  to  the  season  of  the  year. 

In  the  management  of  repairs  by  Mr.  Smith,  they  were 
executed  during  the  winter  months — November,  December, 
January,  and  February — when  the  roads  were  in  their  wettest 
condition ;  and  during  the  other  months  of  the  year,  the 
horses  were  employed  in  bringing,  and  the  men  in  pre- 
paring, the  broken  stone  and  gravel.  The  new  material, 
laid  in  the  wet  season,  bonded,  and  became  more  rapidly 
consolidated,  than  if  it  had  been  laid  down  during  drier 
weather,  and  there  was  less  need  for  watering  it.  The 
consequence  was  that,  during  summer,  loose  stones  were 
scarcely  to  be  seen  upon  the  roads. 
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Wiiilst  the  average  cost  for  maintaining  the  whole  of 
the  macadamised  streets  and  roads  of  Birmingham  has 
been  shown  to  be  about  S^d.  per  square  yard  per  year,  the 
following  estimates  were  framed  by  Mr.  W.  Taylor,  of  the 
first  cost,  and  the  cost  for  maintenance  and  cleansing  the 
streets  of  the  greatest  traffic  in  Birmingham,  when  mac- 
adamised, and  when  paved  with  granite  sets  ;  taking  a 
period  of  fifteen  years  for  the  duration  of  the  sets,  and 
taking  a  vertical  wear  of  4  inches  of  macadam  annually : — 

Macadam 
Birmingham.  Per  square     Per  yeai 

yard.  d. 

Macadam  6  inches  thick,  first  cost  .  .         Is.  6d.  or     12 

Coating  laid    twice    a  year,   4    inches    thick,  1       ^  .     ^ 

annually,  14  years  at  la.         ,  .  / 


11-2 


15s.  6d.  „    12-4 
Cleansing,  15  years  at  4d.  ...        5s.  Od.  „     4-0 


Total  cost  for  macadam,  in  15  years      .      20s.  6d.  „    16*4 

Paving. 

Per  year. 

Paving,  first  cost         .  .  .7s.  6d.     or  6-0 

Kepair,  15  years  .  ,  .Is.  6d.      „  1*2 


7-2 
Deduct,  value  of  old  stone     ,  .        2s.  6d.      „  20 


5-2 
Cleansing,  15  years  at  Id.      .  .         Is.  3d.      ^  1-0 


Per  square 

yard. 

7s.  6d. 

Is. 

6d. 

9s. 

Od. 

2s. 

6d. 

6s. 

6d. 

Is. 

3d. 

Total  cost  for  paving,  in  15  years        7s.  9d.      „  6  2 

Derby. 
The  streets  of  Derby  are,  or  at  least  they  have  been 
until  recently,  macadamised,  with  one  exception,  which 
is  paved.  The  following  instructive  table  gives  particulars 
of  cost  for  maintenance  and  cleansing  of  twelve  principal 
streets  in  Derby,  and  the  proportional  traffic* 

*  Slightly  adapted  from  a  Table  given  in  a  Report  of  Mr.  E.  B. 
EUice-Clark,  Surveyor  to  the  Borough  of  Derby,  May,  1876. 
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Table  Ko.  14. —  Derby. — Macadamised  Streets,  Costs  for  Maintb- 

NANCE    AND    ClEANSING. 


Total 

Annual 

cost  for 

Annual 

annual 
cost  for 

Number 

costfo; 

mainte  - 

of  vehi- 

Name of  Street. 

Area. 

Material. 

mainte- 

cleans- 

nance 

cles  in 

nance 

ing  per 

nnd 

12 

per 
square 
yard. 

square 
ya  rd . 

cleans- 
ing pnr 
sq.  yd. 

horns. 

sq.  yd 

s.       d. 

d. 

s.       d. 

vehicles 

Bridge  Gate 

Ml 

Broken  bouMers 

1      6 

6i 
5? 

2     i 

1268 

St.  Hel(ns  Street 

120:-; 

Do.     granite . 

1    H 

1     7f 

685 

Wardwick  . 

984 

Do.         do. 

^ri 

8i 

1  11 

1258 

I) on  Gate    . 

1562 

Do.         do. 

4 

II4 

16(16 

Cum  Market 

1^95 

Do.        do. 

n 

3i 

IO4 
1     5- 

2031 

St.  Peter's  Street 

3230 

Do.        do. 

1  n 

3 

2762 

London  Road 

4869 

Do.  boulders  ) 
and  granite  / 

n 

2 

9^ 

1272 

London  Street     . 

/847 

Do.         do. 

lOf 

3 

1      If 
1     6i 

1200 

Tenant  Street      . 

1245 

Do.         do. 

1     2| 

3| 
4^ 

1250 

St.  James's  Street 

995 

Do.         do. 

7? 

10 

711 

Siddals  Ro  .d 

4728 

Do.         do. 

3 

lOi 

1931 

Aveiages  for 
macadam 

— 

11 

4^ 

1     31 

1431 

Derwent  Stn  et,  \ 

paving  down     \ 

3483 

Sets  3  "  X  5  " 

nil 

2i 

2i 

1668 

7  years          ) 

■ 

It  is  to  be  remarked,  in  this  table,  that  the  boulder 
macadam  of  Bridge  Gate  incurs  a  higher  cost  for  mainte- 
nance than  any  of  the  granites.  Wardwick,  upon  which 
the  greatest  cost  for  cleansing  is  expended,  is  cleansed 
daily.  The  average  annual  cost  for  maintenance  for  eleven 
macadamised  streets  is  11^.  per  square  yard,  and  for 
cleansing  'ild. ;  whilst,  for  the  seven  years  during  which  the 
paving  has  been  down,  it  has  not  cost  anything  for  main- 
tenance, but  it  has  cost  for  cleansing  1\d. 

Mr.  Ellice- Clark  has  formed  estimates  of  the  cost  for 
construction  and  maintenance  of  granite -set  paving,  in 
substitution  for  macadam,  for  five  streets  in  Derby ;  from 
which  the  following  table,  No.  15,  is  compiled : — 
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Table  No.  15. — Derby  : 


-Estimated  Cost  for  Paving  and  JIa  rNTAiN 
ING  Five  Streets. 


Granite  Sets  3  inches  wide  by  5  inches  deep. 


Name  of  Street. 

Dura- 
tion of 
Pave- 
ment. 

First  cost 

per  square 

yard. 

Cost  for 

maintenance 

per  square 

yard. 

1 

Total  cost 

per  square 

yard. 

11 
11 

li 

|l 
d. 

■^ 

1 

n 

1-6 

1 

8  §  5-  >« 

Ilia 
ill 

10 

8.        d. 

1     Oi 
10| 

10 

8| 

Total. 

8.   d. 
13  0 
13  0 

12  6 

13  0 
12  6 

Per 
year. 

d. 

G-5 
5-4 

4-7 
o-o 
4-7 

5-36 

Total. 

Per 

year. 

Total. 

Per 
year. 

Bridge  Gate 
St.  Helen's  Street 
Lon ion  Road 
Tenant  Street      . 
Sidda^s  Road 

24 
29 
32 
28 
32 

8    d. 

7  6 
7  6 

6  6 

7  2 
6  6 

d. 

3-8 

3-1 

2-44 

3-1 

2-44 

8.   d. 
2  )  6 
20  6 

19  0 

20  2 
19  0 

d. 
lOi 

H 
H 

Averages 

29 

— 

3-0 

8-36 

10 

The  first  cost  includes  the  cost  for  a  foundation  of  con- 
crete. No  deduction  has  been  made  by  Mr.  Ellice-Clark 
for  the  value  of  the  old  materials ;  this  is  taken  as  equi- 
valent to  the  cost  of  removing  the  existing  macadam.  In 
the  estimates  for  maintenance,  provision  is  made  for  taking 
up,  re-dressing,  and  re-laying  the  stones  once  during  the 
period. 

From  the  foregoing  data,  a  comparison  is  readily  framed 
between  the  costs  in  perpetuity  for  macadam  already  laid 
and  new  granite-paving,  including  a  foundation  of  con- 
crete, for  the  five  streets  named  in  the  last  table : — 


COST. 
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Table  No.  16. — Derby: — Comparative  Costs  for  Granite  Pavb 

MENT   AND   MaCADAM. 

Pavement  of  Granite  Sets,  3  inches  by  5  inches  deep. 


Name  of  Street. 

Dura- 
tion of 
Pave- 
ment. 

Total  cost  for  pave- 
ment per  sq.  yd., 

including  .ounda- 
tion  of  conciete. 

Total  cost  for 

macadam,  already 

laid,  per  square 

yard. 

Number 

of 

vehicles 

in  12 

hours. 

For  the 
whole 
period. 

Per  year. 

For  the 

whole 
period. 

Per  year. 

Bridge  Gate 
St.  Helen's  Street 
London  R  ad 
Tenant  Street      . 
Siddals  Road 

Years. 
24 
29 
32 
28 
32 

s.    d. 
25  o 
25  4 

21  8 
23  8 

22  4 

s.      d.    , 

H 

10 

8f 

8.        d. 

49     0 
47     9 
24     8 
42     7 
18     6 

8.      d. 
2       i 

1       74 

1     6j 

lli4 

Vehicles. 
1-68 
585 
127i 
1250 
1931 

Averages 

29 

24  2 

» 

39  11 

1   H 

1261 

Sunderland. 

Mr.  D.  Balfour*  reported,  in  1876,  on  the  cost  for  main- 
tenance of  tlie  higliwaj^s  of  ihe  Sunderland  and  Houghton- 
le-Spring  District,  before  and  after  the  passing  of  the 
Highway  and  Turnpike  Act  of  1869.  For  the  maintenance 
of  77^  miles  of  highway,  the  following  were  the  respective 
costs.     The  last  two  lines  are  added  by  the  writer ; — 


Average  Annual  Expenditure. 


Materials  and  Lahour . 
General  Charges. 

Total  Cost  . 
Do.     do.  per  mile    . 
Do.     do.  per  square 


During  last 
3  yeirs, 
Old  Act. 
£1,903 


yard  I 
allowing  width  of  30  feet  | 


£1,903 
£24-5 

3-34d. 


During  last 

6|  ye;)rs, 

New  Ac  . 

£1,735 

284 


£2,019 
£26 

S-55d. 


During  last 

3  years, 

New  Act. 

£1,509 

277 


£1,786 
£23 

8-14d. 


*  "  Road  Legislation  and  Surveying."  By  D.  Balfour,  A.I.C.E,, 
Surveyor  and  Engineer  to  the  Sunderland  and  Houghton-le-Spring 
District  Highway  Board,  1876. 
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Districts  near  Edinburgh,  Glasgow,  and  Carlisle. 

Mr.  James  H.  Cunningliam,  in  his  paper  already  noted, 
gives  the  following  particulars  of  cost  of  construction  of 
macadam  roads  in  the  south  of  Scotland  : — 

Country  Eoads  (1861 — 1874)  cost  from  Is.  2d.  to  Is.  6d. 
per  square  yard. 

Town  Hoads,  founded  on  shivers,  or  on  hard  set  stone : — 

15  inches  of  metal  (1 871)  cost  Is.  9d.  per  square  yard. 

16  „  „         (1874)    „     28.  4d. 

18    „  „  (1873)    „     2s.  Hid.     „ 

Of  whin  metal,  from  2  inches  to  2^  inches  thick, — the 
average  price  (1861 — 1874)  was  45.  lOd.  per  cubic  yard. 
In  Edinbugh  (1874)  the  price  was  5s.  9d.  to  7*.  Sd.  per 
ton,  averaging  6s.  Sd.  per  ton,  and  as,  according  to  Mr. 
Cunningham,  one  cubic  yard  of  whin  metal,  containing 
40  per  cent,  of  vacant  space,  weighs  27  cwt.,  the  average 
price  is  at  the  rate  of  4s.  lOd.  per  cubic  yard, — the  same 
as  the  average  already  given. 


CHAPTEB  Y. 

CONCRETE    EOADS. 

Mr.  Joseph  Mitchell  designed  a  concrete  macadam  sur- 
face, in  whicli  the  spaces,  otherwise  vacant,  and  ultimately- 
filled  with  the  muddy  cementing  matter  of  worn  macadam, 
are,  in  the  construction  of  the  concrete  road,  filled  with 
an  admixture  of  Portland  cement,  or  other  hydrauKc 
cement  grout.  The  concrete  thus  formed  rapidly  becomes 
a  uniform  and  impervious  mass,  which  is  wholly  unaffected 
by  heat  or  moisture.     It  is  mixed  in  these  proportions : — 

Broken  stones  .  .  .4  measures. 

Clean  sharp  sand         .  .  Ij  to  1|-      „ 

Portland  cement  ,  .  .       1         „ 

So,  for  a  cubic  yard,  or  27  cubic  feet,  of  broken  metal, 
6|  cubic  feet,  or  1^  barrels  (of  4^  cubic  feet),  of  Portland 
cement,  are  required.  The  broken  metal  should  be  of  the 
hardest  quality,  of  uniform  size,  thoroughly  screened  ;  and 
it  should,  when  in  the  screen,  be  dipped  up  and  down  in  a 
large  tub  of  water,  and  then  thrown  on  the  platform  on 
which  the  concrete  is  to  be  made.  Cement  of  the  best 
quality  must  be  employed,  and  the  sand  should  be  sharp, 
clean,  and  gritty.  The  surface  of  the  ground  is  brought 
to  form,  and  rolled  several  times.  The  concrete  is  then 
laid  on  the  surface  in  a  layer  3  or  4  inches,  and  is  left  for 
three  days  to  harden.  The  second  layer  of  3  or  4  inches 
is  next  laid  on  the  first,  and  immediately  rolled  to  form 
with  a  heavy  iron  roller,  as  heavy  as  two  or  three  men  can 
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draw.  The  cement  should  be  left  for  three  weeks,  to  allow 
it  to  become  quite  hard,  before  the  road  is  opened  for 
traffic,  although  a  week  has  been  found  to  be  a  sufficient 
interval. 

Mr.  Mitchell  states  that  a  concrete  road,  7  inches  deep 
at  the  middle  and  5  inches  at  the  sides,  is  sufficient  for 
ordinary  traffic.  For  heavy  traffic,  a  depth  of  8  inches  is 
recommended. 

The  first  piece  of  concrete  road  was  laid,  in  1865,  in 
Inverness,  and  consisted  of  45  lineal  yards  of  the  approach 
to  the  goods  station  of  the  railway.  In  1870,  after  the 
road  had  been  under  traffic  for  4^  years,  it  was  reported 
that  the  wear  of  the  surface  was  scarcely  appreciable, 
whilst  the  adjoining  macadamised  road  had  been  coated 
frequently  every  year. 

Another  specimen,  50  yards  long  and  15  yards  wide, 
was  laid  in  1866,  on  George  lY.  Bridge,  Edinburgh, 
where  the  traffic  is  heavy  and  continuous.  At  the  end 
of  3|-  years,  under  traffic,  the  surface  was  perfectly  sound 
and  immovable. 

The  amount  of  vertical  wear,  during  the  periods  above- 
named,  appears  not  to  have  exceeded  i  inch.  But  Mr.  J. 
H.  Cunningham,  writing  in  January,  1875,*  stated  that  it 
was  then  much  worn  at  the  surface,  in  consequence,  he 
thought,  of  its  great  hardness  and  rigidity. 

A  concrete  road,  of  6  inches  average  depth,  would  cost 
in  London,  by  Mr.  Mitchell's  estimate,  6s.  lOd.  per  square 
yard,  against  6s.  2d.  per  square  yard  for  an  ordinary 
macadamised  road,  constructed  in  the  best  manner,  with 
9  inches  of  metal. 

*  See  Mr.  Cunningliam's  paper  on  "  Streets,"  in  the  Proceedings  of 
/A#  Edinburgh  and  Leith  Engineers'  Society,  1874-75,  page  13. 


CHAPTEE  YI. 

MACADAMISED  ROADWAYS  IN  FRANCE. 

M.  Dumas,  in  the  article  already  referred  to  (page  20), 
maintained  that,  if  a  macadamised  road  be  properly  and 
actively  watched,  levelled,  and  cleaned,  a  foundation,  as 
such,  is  of  no  special  utility,  and  may  be  suppressed ;  and 
that  the  road  should  be  simply  a  uniform  bed  of  small 
materials. 

The  width  of  the  old  roads,  he  says,  was  excessive, 
amounting  sometimes  to  nearly  80  feet,  with  a  pavement 
in  the  middle,  from  16  to  20  feet  wide.  They  are  now 
made  of  widths  of  from  8  to  14  metres,  or  26  to  46  feet. 
Type-sections  of  French  and  Belgian  roads  and  streets  are 
shown  in  Figs.  42  to  44. 

There  is  no  need,  says  M.  Dumas,  for  great  thickness  of 


rig.  42.— Section  of  Rue  de  Rivoli,  Paris. 

road,  provided  that  a  compact  and  impermeable  mass  be 
formed,  completely  shielding  the  ground  from  moisture. 
The  least  thickness  that  may  be  given  depends  on  the  size 
of  the  materials.  If  the  pieces  are  2  inches  or  2^  inches 
diameter,  mixed  with  pieces  of  smaller  size,  a  solid  road- 
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way  may  be  formed,  of  a  thickness  not  exceeding  4  inches. 
Inferior  quality  of  material,  bad  ground,  or  heavy  traffic, 
does  not  imperatively  demand  greater  thickness,  if  the 
road  be  well  and  continuously  maintained.     Four  inches 


k-Jd^-6  7—-^ 


-19  8 

Fig.  43.— Type-Section,  Bas-Eliin. 


of  thickness  may  be  regarded  as  sufficient :  it  may  be  J)tu- 
dent  to  make  a  thickness  of  6  inches  ;  and  any  excess 
above  8  inches  is  completely'  useless. 


'^-6  0-^ 


B  10 %—6  0-^, 


Fig.  44.— Type-Section,  Belgium. 


The  curvature  of  the  old  roads  was  excessive.  Tlie  rise 
was  from  1  in  14  to  1  in  12.  The  most  convenient  rise  is 
1  in  33,  which  is  much  more  than  sufficient  for  a  well-kept 
road.     The  minimum  appears  to  be  1  in  50  ;  which  is  the 
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slope  upon  which,  the  weight  is  in  equilibrium  with  the 
frictional  resistance  on  roads  in  good  condition.  When 
newly  made,  the  rise  may  be  1  in  25,  to  allow  for  the 
greater  wear  at  the  centre  than  at  the  sides.  The  form  of 
the  base,  or  surface  of  the  ground,  may  follow  the  curva- 
ture of  the  surface ;  but  M.  Dumas  prefers  a  horizontal 
line,  as  in  all  respects  preferable.  A  road  10  metres,  or 
33  feet  wide,  with  a  rise  of  1  in  33,  and  an  average  thick- 
ness of  4  inches,  on  a  horizontal  base,  would  have,  accord- 
ing to  M.  Dumas,  a  thickness  of  8  inches  at  the  middle  or 
crown,  and  2  inches  at  the  sides.  But  these  measure- 
ments are  not  consistent  with  each  other. 

The  material  for  the  road  must  have  the  qualities  of 
hardness,  and  facility  for  binding.  The  largest  pieces 
must  pass  through  a  2^-inch  ring;  the  smaller  pieces 
occupy  the  interspaces.  The  2^ -inch  gauge  is  perhaps  too 
large  for  very  hard  material,  but  it  is  more  than  sufficient 
for  the  softer  materials.  The  smallest  dehris  of  broken 
material  should  be  preserved,  and  spread  on  the  surface. 
For  gravel,  the  lower  limit  of  size  is  fixed  by  the  use  of  a 
sieve  having  f -inch  meshes  ;  otherwise  there  may  be  no- 
thing but  sand  for  binding.  The  smallest  pieces  should 
be  on  the  upper  surface ;  if  not,  the  upper  pieces  are 
broken.  It  is  well,  finally,  to  break  the  pieces  on  the 
made  surface  :  the  dehris  binds. 

For  the  consolidation  of  the  road,  it  should  be  rolled 
and  watered.  The  cylinder  of  the  roller  should  be  from 
6  feet  to  G^  feet  in  diameter,  and  5  feet  wide  ;  weighing, 
empty,  3  tons,  and  full,  6  tons.  The  maximum  weight, 
when  loaded,  should  be  from  8  to  10  tons.  These  weights 
give  a  pressure  varying  from  112  pounds  to  370  pounds 
per  inch  of  width;  the  sufficiency  of  which  has  been 
proved  by  experience.  The  empty  roller  is  first  used; 
then  the  full  roller;  and,  lastly,  the  weighted  roller. 
Sand  or  other  binding,   with  water,  are  thrown  on  the 
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surface  at  intervals  ;  the  water  helps  to  bind  the  new 
material.  The  material  binds  most  speedily  when  the 
thickness  is  4  or  5  inches.  For  this  thickness  8  or  IC 
traverses  are  sufficient: — two  traverses  dry,  with  the 
empty  roller ;  two,  with  a  layer  of  detritus  and  the  empty 
roller  ;  two  with  the  full  roller,  two  with  the  loaded  roller, 
and  one  at  an  interval  of  from  8  to  15  days  after  the  road 
is  opened  for  traffic.  The  same  number  of  horses  per- 
form the  work  of  rolling  from  first  to  last.  But  the  sur- 
face of  inclined  portions  may  be  injured  by  the  feet  of  the 
horses  ;  and  the  injury  is  partially  prevented  by  increas- 
ing the  number  of  horses.  It  is  nearly  impossible  to  roll 
over  inclines  steeper  than  1  in  20. 

If  the  metal  is  more  than  4  or  5  inches  thick,  it  should 
be  deposited  in  two  successive  layers,  to  be  rolled  succes- 
sively ;  although  the  first  layer  should  not  be  completely 
rolled ;  and  the  second  layer  should  be  laid  after  the  sur- 
face of  the  first  has  been  roughed  by  the  traffic. 

The  surface  is  kept  up  by  the  use  of  a  stamper  or 
rammer,  weighing  from  15  to  20  pounds,  which  is  8  inches 
in  diameter  at  the  base,  and  is  shod  with  iron.  In  some 
eases,  stamping  may  be  applied  with  advantage,  instead 
of  rolling. 

A  road  constructed  on  the  system  above  described, 
4  inches  thick,  is  superior  to  a  road  8  or  10  inches  in 
thickness,  consolidated  by  wheels,  and  with  successive 
additions  of  material. 

The  flanks  of  the  road  or  the  bermes  {accdtements),  con- 
sisting of  the  natural  ground,  are  fit  for  traffic  during  the 
greater  part  of  the  year. 

''All  these  proceedings,"  says  M.  Dumas,  "have,  for 
their  basis,  the  principle  of  the  maximum  of  beauty  J^ 


CHAPTEE  Yir. 

STOXE  PAVEMENTS— CITY  OF  LONDON. 

It  has  been  stated  that  the  streets  of  London  T^ere,  pre- 
viously to  the  introduction  of  granite  sets,  paved  with 
pebbles  or  boulder-stones,  which  were  bedded  in  sand,  and 
constituted  pebble-paving.  This  pavement  was  gradually 
superseded  by  a  pavement  of  irregular  blocks  of  stone,  and 
ultimately  by  rectangular  granite  sets,  or  "  cubed  granite," 
as  they  are  sometimes  designated  ;  until,  in  1848,  there  re- 
mained only  one  mile  of  pebble-paving  in  a  total  length 
of  50  miles,  in  the  City  alone.  Granite  sets  of  comparatively 
large  dimensions  were  at  first  employed.  They  were 
from  6  to  8  inches  in  width  on  the  surface,  by  from  10  to 
20  inches  in  length,  with  a  depth  of  9  inches.  As  origi- 
nally laid,  they  were  merely  laid  in  rows  on  the  subsoil, 
and,  after  the  usual  process  of  grouting  and  ramming, 
the  street  was  thrown  open  for  the  traffic  which  was  ex- 
pected to  perform  the  last  duty  of  the  pavior,  and  to  settle 
each  stone  upon  its  bed.  The  large  wooden  rammer,  of 
84  pounds  weight,  was  obviously  insufficient  for  the  pur- 
pose of  enabling  the  pavement  to  resist,  without  further 
movement,  the  percussion  of  heavily  weighted  wheels.  In 
1850,  however,  and  probably  for  some  time  previously,  it 
had  become  the  general  practice  to  make  a  good  sub- 
stratum of ''  hard  core,"  consisting  of  shivers,  broken  stone, 
brick  rubbish,  clinker,  or  other  hard  material, — not 
necessarily  of  the  size  of  macadam,  nor,  on  the  contrary, 

1 


170      STONE  PAVEMENTS CITY  OF  LONDON. 

laid  on  a  pavement  on  the  Telford  system  of  road-making, 
but  a  medium  between  tbese  extremes  of  practice,  such  as 
Telford  himself  recommended  in  1824.  The  substratum 
of  hard  core  has  been  usually  laid  to  a  depth  of  from 
9  inches  to  12  inches;  but  a  thickness  of  15  inches  has 
been  laid  down  in  the  principal  streets  of  the  City.     Upon 


Fig.  45.— stone  Pavement  of  King  William  Street,  City  of  London. 

the  hard  core  was  laid  a  stratum  of  sand,  into  which  the 
stone  sets  were  bedded.  Fig.  45  shows  a  section  of 
King  William  Street,  as  originally  paved. 

The  following  table,  No.  17,  gives  the  dates  of  the  for- 
mation of  some  of  the  earliest  carriage-way  granite  pave- 
ments laid  in  the  leading  thoroughfares  in  the  City  of 
London,  with  their  superficial  dimensions,  and  the  lengths 
of  time  that  they  remained  before  being  removed  to  other 
places.* 

*  This  table  is  compiled  from  the  Reports  of  Lieutenant-Colonel, 
Haywood,  Engineer  and  Surveyor  to  the  Commissioners  of  Sewera 
of  the  City  of  London.  The  writer  is  indebted  to  this  valuab.e 
series  of  Reports  for  the  greater  proportion  of  the  materials  employed 
in  the  preparation  of  what  follows  with  respect  to  the  streets  of  the 
City  of  London. 
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Table  No.  17. — City  op  London  :— Earliest  Carriage-wax-  Guakitb 

Pavements  in  Leading  Thoroughfares. 

Aberdeen  Granite  Sets,  G  inches  wide  by  9  inches  deep. 


Name  of  Thoroug'h- 
fiwe. 


Bridge  Street 
Ludgate  Hill 
Ludgate  Street 
Bishopsgate     St. 

Without    . 
Poultry 

Cheapside 

Farringdon  Street 

Skinner  Street 

Newgate  Street 

Aldersgate  Street  . 

St.  Paul's  Church- 
yard 

Holborn 

Threadneedle  St,  . 

Fleet  Street  . 

Fenchurch  Street  . 

Cannon  Street 

Walbrook 

Little  Moorfields  1 
(sets  5  in.  by  7)  J 

King  William  St 

Piinces  Street 

Mark  Lane    . 

Houndsditch 

Fore  Street   . 


} 


When 

1 
When  taken 

Time 

laid. 

1    up. 

down. 

Year. 

1   Year. 

Years. 

1828 

1   1848 

20 

jt 

18i4 

16   j 

>» 

!   1847 

19 

if 

1853 

25 

1829 

1841  & '43 

11&13 

» 

1843  & '44 

14&15 

1830 

— 

j 

1845 

15   i 

1842 

12   1 

1831 

1857 

26   1 

ff 

1847 

16 

1849 

18 

1862 

31 

1832 

1846 

14 

1852 

20 

» 

1856 

24 

1833 



j 

1834 

1849 

15   I 

1835 

1850 

15 

1837 

1856 

19 

1853 

16 

1838 

1856 

18 

Eemarks. 


Remcved  for  wood  paving 
f         Do.  do.  i 

I  1843  to  1846-47. 

Eelaid  in  1858 

Removed  for  wood  paving 


Still  down  in  1S53 


Nearly  the  whole  of  the  stones  which  formed  these  early 
pavements  was  removed  to  and  laid  in  places  of  secondary 
traflB.c  within  the  City,  where  their  duration  has  been  as 
great  as,  and  in  some  instances  greater  than,  it  had  already 
been  in  the  original  thoroughfares. 

The  cost  for  reparation,  up  to  the  year  1840,  of  36  streets 
laid  with  granite  sets  6  inches  wide  and  9  inches  deep,  in- 
cluding nearly  all  the  streets  named  in  the  preceding  table, 
was  calculated  by  Mr.  Kelsey,  formerly  the  City  Surveyor^ 
and  the  results  are  given  in  the  following  table,  No.  18.. 

i2 
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Table  No.  18. — Cost  for  Eeparation  of  Carrtage-w ay  Pavements, 

Laid  with  6-incli  Gra:aite  Sets,  in  Ihe  City  of  London,  up  to  the 

year  1840. 


Average 

Average 

cost  of  repa- 

oostof repi- 

Name  of  Street. 

ration  per 

Name  of  Street. 

ration  per 

square  yard 

square  yard 

per  year. 

per  year. 

pjnce. 

pence. 

Aldgate  High  Street 

over       1 

Holbom  . 

over      1 

Aldgate   Street,  and 

King    Street,   Snow 

Aldgate 

over       1 

Hill       . 

over       ^  j 

Aldersgate  Street     . 

over       } 

King  Street,  Cheap- 

1 

Arthur  Street  West 

i 

side 

not         I 

Bishopsgate     Street 

Leadenhall  Street    . 

nearly  '. 

Without 

over       ^ 

Long  Lane 

not         I 
nearly  1| 

Bishopsgate     Street 

Lombard  Street 

Within 

over       ^ 

Ludgate     Hill     and 

Bud2:e     Row      and 

Street  . 

not         I 

Watling  Street     . 

n 

Newgate  Street 

3 

Cannon  St  leet. 

nearly  1 

New  Bridge    Street 

Cheapside  and  Po  1- 

(part  of) 

not          1 
2| 

try        .        .        . 

H 

Old  Bailey  (part  of) 

Coleman  Street 

not         1 

Pavement,  The 

not          p 

ComhiU  . 

o-\er       1 

Queen  Street   . 

not         i 

Dowgate  Hill  . 

nearly    ^ 
not         1 

Shoe  Lane  (part  of)  . 

not         1 

Farringdon  Street    . 

St.    Pauls    Church- 

Fenchurch Street     . 

over       1 

yard     . 

over       1 

Fleet  Street     . 

nearly  If 

Threadneedle  Street 

not        1 

Fish  Street  Hill 

not         1 

Walbrook 

2| 

Gracechurch  Street . 

not       1 

Wood  Street    . 

over      1 

Ho  bom  Bridge  and 
Skinner  Street 

not         I 

Average  cost  for  re- 

HolbomHill  . 

If 

pair,  say 

1  penny 

The  average  cost  for  repair,  according  to  the  table,  may 
be  taken  at  Id.  per  square  yard  per  year.  The  first  cost 
was  considerably  affected  by  the  nature  of  the  pavement 
laid, — the  size  of  the  stones,  the  nature  of  the  granite,  and 
the  market  price  of  the  material.  Colonel  Haywood  esti- 
mated that,  for  stones  9  inches  in  depth,  it  ranged  from 
lis.  to  17s.  per  square  yard. 

The  long  continuance  of  the  system  of  paving  with  large 
blocks  resulted  from  the  experience  of  their  great  dura- 
bility and  economy  in  first  cost.     But  they  did  not  afford 
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Bufficlent  foothold  for  horse-traffic.  Granite  sets  of  less 
width  were  subsequently  laid: — they  were  5  inches  and 
4  inches  in  width;  and,  finally,  sets  of  only  3  inches  in  width 
were  laid.  The  3 -inch  sets,  with  a  depth  of  9  inches,  al- 
though they  were  considered  to  be  the  least  durable,  and 
the  greatest  in  first  cost,  proved  to  be  by  far  the  safest  for 
paving,  and  they  gave  more  satisfaction  than  the  wider 
sets.  The  merit  of  their  introduction  is  due  to  Mr.  Walker, 
under  whose  direction  Blackfriars  Bridge  was,  in  1840, 
paved  with  3-inch  granite  sets.  Mr.  Walker  attached 
great  importance  to  the  obtainment  of  a  solid  substratum, 
Blackfriars  Bridge,  to  the  paving  of  which  allusion  has 
already  been  made,  was  closed  for  some  weeks,  in  order 
that  the  concrete  foundation  might  have  time  to  set  and 
harden,  before  the  pavement  was  laid  down.  The  narrow 
granite  sets  were  laid  with  a  great  degree  of  accuracy,  and 
the  whole  mass  was  bedded  as  if  it  was  composed  of  bricks : 
the  stones  were  bedded  in  good  mortar,  and  the  joints  were 
well  filled  with  it,  and  in  consequence  of  the  careful  work- 
manship, with  the  use  of  narrow  stones,  the  work  remained 
good  for  13  years,  at  the  end  of  which  time  it  was  lifted. 

From  that  time — 1840 — the  use  of  3-inch  sets  was  ex- 
tended, until,  in  1848,  there  were,  in  the  City  of  London 
alone,  three  miles  of  carriage-way  paved  with  them.  The 
following  analysis,  prepared  by  Colonel  Haywood,  shows 
the  lengths  of  the  various  kinds  of  pavement  in  the  City 
of  London,  in  November,  1848  : — 


City  of  Londox  Pavements,  in  November,  1848. 


Carriage-way  pavement  of  pebbles  or  boulders 
Carriage-way  pavement    of   6-inch,  o-inch,    and  4-incli 

granite  sets  (nearly  the  whole  being  6-inch  sets) 
Carriage-way  pavement  of  3 -inch  sets 
Wood  pavement,  various  kinds 
]\Iacadamised  road,  in  Finsbury  Circus 
Flagstone  paving,  com-ts,  alleys,  &c. 

Total 


Miles, 
about    1 


2Si 
3 

16^ 
60~ 
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In  185],  there  were  51  miles  of  public  ways  in  the  City 
containing 

441,250  square  yards  of  carriage-way,  averaging  for,  say,  34|  miles, 

about  22  feet  wide. 
328,907  square  yards  of  footway. 


770,157 


In   1866,  Colonel  Haywood  reported   that  there  were 
then  50  miles  of  public  way ; — 


Main  thoroughfares 
Collateral  thoroughfares 
Minor  streets,  courts,  alleys. 

passages. 

&c. 

• 

Miles. 
•     7 
.  28 
.  15 

60 

Area  of  carriage-way, 
Do.     footway 

1  ahout 

n 

• 

390,260 
309,018 

square  yards. 

699,278  „ 

Regarding  the  question  in  all  its  bearings,  Colonel 
Haywood  concluded  that  the  3-inch  granite  sets,  being 
safest,  as  giving  the  best  foothold,  were  the  best  for  large 
towns  with  great  traf&c.  On  such  a  pavement,  horses 
were  less  strained,  there  was  less  wear  and  tear  of  vehicles, 
and  a  greater  degree  of  quietness  and  general  comfort. 
They  made  the  most  even  pavement,  and  they  retained  an 
even  surface,  longer  than  any  other  stone  pavement  that 
had  been  tried. 

In  adopting,  in  1848,  the  conclusion  that  3-inch  sets — 
that  is,  granite  sets  3  inches  in  thickness,  with  a  depth  of 
9  inches — were  the  best  for  large  towns,  Colonel  Haywood 
had  before  him  the  experience  of  a  trial  piece  of  what  was 
called  the  Euston  pavement  in  Mount  Sorrel  granite,  which 
had  been  laid  in  1845,  in  Watiing  Street,  and  relaid  in 
1848.     This  pavement  derived  its  name  from  the  circum- 
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stance  of  its  having  been  laid  about  the  year  1843,  at  the 
departure  side  of  the  Euston  Station  of  the  London  and 
North  Western  Eailway.  The  same  sort  of  pavement  had 
previously  been  tried  experimentally,  and  for  the  first  time, 
in  1838,  at  Birmingham,  at  the  crossing  of  a  street,  where 
heavy  loaded  wagons  were  constantly  passing  over  it,  and, 
in  1850,  it  was  stated  by  Mr.  William  Taylor*  to  be  in  as 
perfect  a  condition  as  when  it  was  first  laid.  Mr.  Taylor's 
motives  for  advocating  the  Euston  pavement,  were  based 
upon  the  principle  advocated  by  Macadam, — to  provide  a 
foundation  possessing  a  certain  amount  of  elasticity,  but  of 
sufficient  strength  to  support  the  surface  material ;  but  he 
substituted  "  one  stratum  of  solid  granite,''  in  the  form  of 
paving-stones  4  inches  deep,  for  an  equal  depth  of  mac- 
adam or  broken  ring-stone: — thus  endeavouring  to  com- 
bine the  elasticity,  so-called,  of  a  macadam  road,  with  the 
durability  of  a  paved  road.  As  laid  at  Euston,  the  ground 
was  first  removed  to  the  depth  of  16  inches  below  the  in- 
tended level  of  the  pavement,  the  bottom  being  formed  to 
the  convexity  of  the  intended  surface  of  the  street.  A 
layer  of  coarse  gravel,  4  inches  thick,  was  spread  upon  the 
bottom ;  and  compressed  by  being  rammed  equally  through- 
out. Upon  this  layer  was  placed  another  layer,  4  inches 
thick,  of  gravel  mixed  with  a  small  proportion  of  chalk,  or 
of  hoggin,  and  rammed  likewise.  A  third  layer  of  the 
same  materials  as  the  second,  but  of  a  finer  quality,  was 
distributed,  and  the  whole  was  well  rammed  together,  to 
form  a  solid  and  level  surface  ready  to  receive  the  pave- 
ment. Upon  a  1-inch  bed  of  sand,  stones  of  Mount  Sorrel 
granite  were  laid,  measuring  3  inches  wide,   averaging 

*  Proceedings  of  the  Institution  of  Civil  Evgineers,  1849-50; 
vol.  ix.,  p.  214: — "Observations  on  the  Street  Paving  of  the  Metro- 
polis ;  with  an  Account  of  a  peculiar  system  adopted  at  the  London 
and  North- Western  Eailway  Station.  Eustoa  Square,"  by  William 
Taylor. 
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4  inches  in  length,  and  from  3  to  4  inches  deep,  neatlj 
dressed  and  squared ;  and  carefully  and  closely  jointed,  in 
order  to  prevent  any  single  stone  from  rocking  in  its  bed. 
A  rammer  of  55  pounds  weight  was  then  applied  over 
the  whole  surface,  after  which  the  pavement  was  covered 
with  a  sprinkling  of  screened  gravel.  The  maximum 
cost  of  the  Euston  pavement,  the  foundation  included, 
was  said  to  amount  to  125.  per  square  yard.  Mr.  Dock- 
ray,  resident  engineer  of  the  railway,  in  testifying  to 
the  excellency  of  the  Euston  paving,  stated  that  the  car- 
riage-way had  previously  been  substantially  executed, 
according  to  the  old  system,  with  stones  8  inches  deep, 
laid  upon  a  substratum  of  concrete ;  but  that  the  stones 
became  much  rounded  on  the  upper  surface,  and  were 
required  to  be  removed.  In  the  Euston  pavement  he 
stated  that,  by  reason  of  the  smallness  of  the  stones, 
they  never  became  rounded  on  the  upper  surface  by 
wear,  as  was  the  case  in  ordinary  pavements  of  large 
Btones.  The  Euston  pavement  was  subsequently  laid  in 
the  large  esplanade  in  front  of  the  booking  offices  at 
Euston  station.  The  carriage-way  traffic  at  Euston  sta- 
tion has  of  course  been  of  a  light  order, — limited  to 
carriages,  cabs,  and  omnibuses. 

Eeverting  to  Colonel  Haywood's  piece  of  Euston  pave- 
ment, in  Watling  Street,  he  had  experienced  a  difficulty  in 
obtaining  a  satisfactory  test  of  the  durabilities  and  cost  of 
various  pavings ;  and,  with  a  view  towards  the  settling  of  the 
question  of  the  most  useful  dimensions  of  granite  sets,  for 
the  carriage-ways  of  the  City,  he  recommended  that  different 
Boi'ts  of  stone-paving  should  be  laid  in  Moorgate  Street. 
The  experimental  pieces  were  laid,  all  at  the  same  time,  in 
October,  1848.  The  situation  was  well  chosen,  for  the 
different  pieces  of  paving  were  as  nearly  as  possible  sub- 
jected to  the  same  amount  and  kind  of  traffic,  with  the 
usual  disturbing  and  destructive  influences.     The  dimer 


EXPERIMENTAL    PAVING. 


177 


sions  and  the  first  costs  of  the  experimental  paving  are 
exhibited  in  Table  No.  19. 

Table    No.    19. — City    op    London  :— Experimental    Pavino    rn 

MooKGATB  Street,  1848 — 5G. 

Dimensions  and  Fir^st  Cost. 


Name  of  Granite. 

Dimensions  of  Sets. 

First  cost 
per  square 
yard  com- 
plete. 

Depth. 

Width  or 
thickness 
at  the  sur- 
face. 

r  ength  at 
the  sm-fiice. 

1.  Blue  Aberdeen  . 

2.  Mount  Sorrel     . 

3.  Blue  Aberdeen  . 

4.  Mount  Sorrel     . 

5.  Blue  Aberdeen  . 

6.  Mount  Sorrel     . 

inches. 
9 
9 
9 
9 
6 
5 

inches. 
4 
4 
3 
3 
3 
3 

inches. 
8  to  12 
8  to  12 
8  to  12 
8  to  12 

5 

5 

s.      d. 

13  8 

14  9 

16  3 

17  0 
10     9 
12     0 

Note  to  Table. — The  cost  of  the  substratum  is  not  included  in 
the  above  prices,  but  the  whole  of  the  specimens  were  laid  upon  a 
substratum  of  equal  depth  and  compactness,  and  the  cost  for  a  founda- 
tion may  be  taken  for  all  practical  considerations,  as  being  the  same 
for  the  whole.  The  prices  given,  therefore,  are  for  the  new  granite 
surface  only,  laid  and  grouted  with  lime  and  sand,  and  loft  complete. 

The  pavings  were  duly  and  carefully  maintained  during 
the  eight  years  from  October,  1848,  to  October,  1856,  under 
Colonel  Haywood's  personal  superintendence.  The  accounts 
of  charges  for  maintenance  were  accurately  kept,  and  the 
results,  with  additional  particulars,  are  given  in  Tables 
Nos.  20  and  21. 
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Table  No.  20.— City  of 


LoNBON  : — Experimental  Paving   in  Mooroatb 

Street,  1848—56. 
Cost  for  Reparations. 


1 

Cost  for 

Cost  for  Annual 

repara- 

repara- interest 

tion  and 

tion  in  at  5  per 

interest 

Date  of  first  reparation  after  laying 

Name  of  Granite. 

8  years,  cent,  on 

to- 

down the  sever  il  pavements,  in 

per  sq.  1    first 

gether, 

October,  1848. 

yrd.  per  cost,  per 

persqr 

year. 

sq.  yrd. 

yard  per 
year. 

d. 

d. 

d. 

1.  Blue  Aberdeen  . 

2-076 

8-20 

10-27 

In  quarter  ending  M'mas,  1852 

2.  Mount  Sorrel     . 

•96 

8-70 

9-66 

In  half  year    „          „        1852 

3.  Blue  Aberdeen  . 

4-62 

9-74 

14-36 

In       „             „           „         1851 

4.  Mount  Sorrel     . 

1  872 

10.20 

12-07 

In       „             „           „         1856 

5.  Blue  Aberdeen  . 

6-684 

6-46 

13-14 

In  quarter  ending  Mar.  ?5,  1 851 

6.  Mount  Sorrel    . 

5-844 

7-20 

13-04 

In  half  year  ending  M'mas,  1852 

Averages  .    .     . 

3-672 

8-41 

12-08 

Table    No.   21.— City    of    London: — ^Experimental    Paving    in 

Moorgate  Street,   1848 — 56. 

Data  showing  Comparative  Values. 


Name  of  Granite. 

Number 

of  stones 

in  a  square 

yaid. 

Area  of 
sm-face  of 
one  stone. 

Cubic 

contents 

of  one 

stone. 

Area 
relaid  in 
8  years. 

Area  of 

new  stones 

laid  in 

8  yeai-s. 

1.  Blue  Aberdeen  . 

2.  Mount  Sorrel     . 

3.  Blue  Aberdeen  . 

4.  Mount  Sorrel     . 

5.  Blue  Aberdeen  . 

6.  Mount  Sorrel     . 

stones. 
29 
25 
35 
34 
51 
57 

square 
inches. 
44-7 
51-8 
37-0 
38-1 
25-4 
22-7 

cubic 
inches. 
402-2 
466-6 
333-3 
343-1 
127-0 
113-7 

per  cent. 
1198 
41-8 
243-6 
108-7 
253-2 
3U8-1 

per  cent. 
1-63 
•75 
3-93 

•82 

2017 

7-07 

From  tlie  foregoing  data,  it  appears  that  Aberdeen  stone 
required  earlier  and  more  extensive  repair  and  renewal 
than  Mount  Sorrel  stone ;  and  that  the  pavings  composed 
of  the  smallest  stones  needed  more  reparation,  and  the 
insertion  of  a  greater  quantity  of  new  stone,  and  cost 
more  for  repair,  than  those  composed  of  the  larger  stones. 
Colonel  Haywood  states  that  these  conclusions  accord  with 
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the  results  of  his  general  experience ;  but  that  the  single 
conclusion  which  could  safely  be  deduced  was  that,  within 
the  limits  of  the  sizes  of  stones  laid  in  the  experimental 
paving,  the  cost  for  repair  upon  similar  paving  was  in- 
versely as  the  size  of  the  stoneKS. 

In  1855,  the  experimental  paving  was  to  a  great  extent 
relaid;  and  in  1858  it  was  wholly  relaid.  In  1864,  when 
it  had  been  down  altogether  16  years,  it  was  removed. 
The  first  cost  averaged  14s.  3d.  per  square  yard,  and  the 
total  cost  for  laying  and  repair  during  the  16  years  it  was 
down,  not  including  any  charge  for  interest  on  first 
outlay,  was — 

First  Cost  .  .         lOfd.  per  square  yard  per  year. 

Cost  for  Eepair     ,  .  4^d.  „  „ 

Total  Cost     .  .         15 Ad.  „  „ 

Eeferring  to  Table  No.  20,  it  is  seen  that  the  average 
annual  cost  for  repair,  during  the  first  8  years,  was  only 
3*67  pence  per  square  yard.  The  greater  cost  during  the 
last  period  of  8  years,  arose  no  doubt  from  the  inferior 
condition  of  the  pavement,  due  to  the  loss  of  depth  of  the 
sets  by  wear ;  and  to  some  extent,  also,  from  the  augmented 
traffic. 

Granites  of  various  qualities  have  been  tried  for  carriage- 
way pavements  in  the  City: — Aberdeen,  Guernsey,  Herm, 
Devonshire,  Cornish,  Mount  Sorrel.  The  harder  and  more 
durable  granites,  like  the  Guernsey  and  the  Mount  Sorrel 
granites,  though  the  more  economical,  possess  the  fault  of 
slipperiness  when  set  in  pavement ;  the  less  durable  granites 
wear  roughly,  and  therefore  afford  a  better  foothold  for 
horses.  Hence  it  is  that,  for  the  sake  of  public  convenience, 
the  hardest  and  most  durable  granites  are  not  employed. 
The  hardest  granites  have  invariably  caused  so  much  dis- 
satisfaction that  they  have  had  to  be  removed  before  they 
had  been  down  many  years.     For  instance,  Penmaenmaur 
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greywacke  paving  was  laid  in  Newgate  Street  in  1851,  and 
it  was  removed  after  a  trial  of  2^  years,  as  it  was  tlie  cause 
of  repeated  complaints  of  slipperiness  and  noisiness.  The 
Aberdeen  blue  granite  sets  have  for  the  most  part  been 
employed  in  the  construction  of  City  pavements  ;  they  are 
considered  to  be  the  best,  taking  together  the  first  cost, 
the  durability,  and  the  absence  of  slipperiness. 

Since  the  cost  of  a  pavement  depends  upon  the  material 
of  which  it  is  formed — the  width  .of  the  street,  the  extent 
and  nature  of  the  trafiic,  and  other  conditions — it  fol- 
lows that,  in  no  two  streets  is  the  endurance  or  the  cost 
the  same,  and  the  difference  between  the  highest  and  the 
lowest  periods  of  endurance,  and  amount  of  cost,  is  very 
considerable.  The  practice  pursued,  almost  uniformly, 
with  respect  to  the  rotation  of  granite  paving,  is  to  lay 
the  new  granite  in  the  main  thoroughfares ;  when  their 
pavements  are  considerably  worn,  and  the  stones  require 
to  be  reworked  before  they  can  be  advantageously  relaid, 
or  when  an  entire  relay  of  the  surface  is  needful,  the  worn 
granite  is  removed,  and  new  granite  laid  in  its  place.  In 
this  way,  it  most  commonly  occurs  that  the  pavements  in 
main  thoroughfares  are  removed  before  they  are  worn  out. 
The  old  material  is  taken  to  the  stone-yard,  where  it  is 
mixed  with  the  general  stock,  reworked,  sorted  into  sizes, 
and  laid  in  other,  and  secondary,  thoroughfares  when 
needed.  Thus  the  duration  or  life  of  the  stones  may  be 
doubled,  or  more  than  doubled.  "Indeed,  with  the  excep- 
tion of  the  portion  worn  off  by  the  friction  of  the  traffic, 
not  a  fragment  of  granite  paving  may  be  said  to  be  lost. 
After  passing  its  first  years  in  a  leading  thoroughfare,  it 
goes  into  a  secondary  thoroughfare  until  completely  worn 
down  and  rounded,  and  will  even  then  command  a  price  of 
from  Is.  6d.  to  2s.  6d.  per  square  yard.  Not  even  a  frag- 
ment that  is  knocked  off  the  component  stones,  when 
undergoing  the  operation  of  being  dressed  into  shape,  is 
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lost ;  as  it  is  made  available  either  directly  for  macadam- 
ising, or  for  forming  substrata  to  other  pavements;  or,  if 
oUch  employment  cannot  be  found  for  it,  it  will  always  com- 
mand a  good  price  by  its  sale.  In  truth,  granite  can  only 
be  said  to  be  worn  out  when  it  has  been  broken  up  for 
macadamisation,  and  then  crushed  into  powder  by  the 
vehicles." 

It  is  due  to  the  system  of  rotation,  above  described, 
wliich  largely  conduces  to  the  general  convenience,  that 
although  the  general  cost  for  repairs  is  accurately  known, 
tlie  cost  of  most  of  the  pavements  individually,  during  a 
term  of  years,  cannot  be  arrived  at,  excepting  by  estimation. 

Moreover,  it  is  to  be  borne  in  mind,  on  the  question  of 
the  durability  and  cost  of  stone  pavements,  that  the  traffic 
of  the  City  has  not  been  stationary,  but  that  it  has  gradu- 
ally increased  in  the  course  of  years,  and  that,  to  arrive  at 
a  just  conclusion,  the  traffics  of  the  periods  brought  into 
the  comparison  are  to  be  duly  considered.  The  following 
is  a  selection  of  a  few  principal  streets  in  the  City,  with 
average  numbers  of  vehicles  by  which  they  were  traversed 
in  12  hours  during  one  week-day,  between  8  a.m.  and 
8  p.m.,  in  July  1850,  and  in  June,  July,  1857.  These 
data  are  abstracted  from  reports  made  by  Colonel  Hay- 
wood : — 


Table  No.  22. — City  of  London  : — Number  of  Vehicles  which 
travbksed  flfteen  principal  thoroughfares  in  12  hours, 
IN  1850  AND  1857  ;  with  a  few  data  for  1865  and  1871. 


IVumber  of  Vehicles 

Name  of  Thoroughfare. 

which  traversed  the 
street  in  12  hours. 

In  24  hours. 

year  1850. 

year  1857. 

yeir  ]8G5. 

year  1871. 

Temple  Bar  . 

7,'41 

9,883 

1,972 

— 

Ludgate  Hill 

6,829 

10,626 

— 

— 

Cheapside      .... 

11,053 

13,512 

— 

11,900 

Poultry          .... 

iO,-274 

11,667 

— 

9,600 

Cornhill         ..... 

4,9.6 

5,256 

— 

— 

Old  Broad  Street  . 







2,600 

CaiTicd  forward  . 

IS2 
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Table  No.  22 — continued. 


Name  of  Thoroughfare. 

Number  of  Vehicles 

which  traversed  the 

street  in  12  hours. 

In  24  hours. 

Brought  forward 
Leadenhall  Street 
Lombard  Street     . 
Fenchurcli  Street  . 
Bishopsgate  St.  Within 
Bishopsgate  St.  Withou 
Gracechurch  Street 
London  Bridge 
Newgate  Street 
Aldersgate  Street  . 
Blackfriars  Bridge 
Southwark  Bridge 

t 

year  1850. 

5,930 
2,228 
3,612 
4,842 
4,110 
4,887 
13,099 
6,375 
2,0  90 
5,262 

year  1857. 

4,325 
1,544 
5,273 
6,283 
5,804 
5,267 
18,179 
8,^41 
2,719 
6,723 

year  1865. 

7,366 

19,405 

3,936 
9,660 
4,700 

year  1871. 
2,600 

7,400 

Totals      . 

• 

93,778 

115,402 

Note  to  Table. — Equestrians  were  included  and  numbered  as 
vehicles.  These  numbers  were  so  small  as  not  materially  to  affect  the 
quantities. 

The  gross  increase  of  traffic,  from  93,778  veliicles  in 
one  day  in  1850,  to  115,402  veliicles  in  one  day  in  1857, 
amounted  to  22^  per  cent,  in  seven  years,  or  at  the  rate  of 
about  3  per  cent,  per  year,  on  the  traffic  observed  in 
1850.  But,  it  must  be  remarked  that  the  traffic  may  not 
be  similarly  augmented  in  every  street  individually,  since 
the  streams  of  traffic  are  modified  by  the  opening  of 
new  streets  and  new  railway  stations.  Instances  of  such 
fluctuations  are  observable  in  the  numbers  of  vehicles 
given  in  the  last  column  of  the  table. 

The  following  data  for  the  duration  of  3 -inch  granite 
pavements  in  the  streets  of  the  City,  have  been  gleaned 
from  Colonel  Haywood's  reports.  It  is  shown  that  the 
paving  only  lasted  6  years  in  the  Poultry;  and  it  may  here 
be  noted  that  tlie  granite  pavements  of  the  Poultry,  next 
to  the  kerbs,  or  next  to  the  tramways,  needed  repair  at 
about  the  end  of  the  first  year.     Omitting  the  very  short 
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and  very  exceptionally  tried  pavement  of  the  Poultry,  as 
well  as  the  second  pavement  in  Cheapside,  which  was 
prematurely  removed,  the  average  of  the  observed  dura- 
tions was  15t  years  ; — 


T.vr.LE  23. — Duration  of  Granite  Pavements  in  some  Principal  Stkeets 
IN  the  City  of  London.     1845 — 1863. 

Aberdeen  Granite  Sets,  3  inches  wide  and  9  inches  deep. 


Situation. 

Laid. 

Relaid. 

Taken 
up. 

Dura- 
tion. 

Observations. 

Year. 

Year. 

Year. 

Years. 

(  Cost    for    repair, 

Poultry 

1846 

— 

1852 

6 

(    2-66d.  per  square 
(    yard  per  year. 

( 

1846 

1853 

1861 

15 

Cheapside  (portion)  ( 

1861 

— 

1870 

9 

1  Taken  up  for  as- 
\    phalte. 

Cheapside  (east  end) 

1847 

1853 

— 

— 

St.Paul'sChurchyard 

1847 

1853&'58 

1863 

16 

LudgateHiU  . 

1844 

1853 

1863 

19 

Ludgate  Street 

1847 

1853 

— 

— 

I  Cost    for    repair, 

Fleet  Street     , 

1846 

1853 

1860 

14 

1    3d.     per     square 
(    yard  per  year. 

Newgate  Street 

1846 

1854 

— 

— 

Skinner  Street 

1845 

1848&'56 

— 

— 

Widened  in  1848. 

Threadneedle            \ 
Street  (West)      .  ) 

1848 

1857 

1862 

14 

Fenchurch     Street 
(East) 

1846 

1852 

— 

— 

Fenchurch     Street 
(West) 

1845 

1852 

1861 

16 

1845 

1852 

1857 

12 

LeadenhaU  Street    \ 

1857 

1863 

— 

— 

r  Eelaid  with   one- 
[    third  new  stone. 

Princes  Street 

1850 

1857 

— 

— 

Sets  4  in.  X  9  in. 

Average  duration,  omitting  the  Poultry  an 

id  the  S( 

3Cond  pavement  in 

Cheapside  as  exceptional  instar 

Lces,  15^ 

-  years. 

To  the  above  data  for  streets,  may  be  added  the  follow- 
ing data  for  bridges :— 
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Continuation  of 

Table  No.  23. 

Situafon. 

Laid. 

Relaid. 

Taken 
up. 

Dura- 
tion. 

Observations. 

London  Bridge         < 
Blackfriars  Bridge  . 

Year. 
1830 
1842 
1840 

— 

Year. 
1842 
1851 
18o3 

Years. 

12 

9 

13 

>    6 -inch  sets. 

In  1854,  Colonel  Haywood  had  estimated  the  total  dura- 
tion of  the  granite  pavement  of  Fleet  Street  at  12  years. 
It  maybe  seen  from  the  table,  that  it  lay  actually  14  years 
till  it  was  removed.  He  added  that,  after  having  been 
re-dressed,  it  would  last  15  years  more  in  secondary  streets. 
The  total  life  of  such  pavement  amounted  thus,  by  estima- 
tion, to  29  years. 

The  cost  for  repairs  of  Fleet  Street  was  stated,  in  1854, 
to  be  3d.  per  square  yard  per  year.  The  average  cost  of 
repairing  the  granite  pavements  of  the  streets  of  the  City, 
in  1854,  was  also  Sd.  per  square  yard  per  year.* 

Colonel  Haywood,  in  1853,  made  a  careful  estimate, 
based  on  the  experience  of  City  pavements,  of  the  cost 
and  the  duration,  or  life,  of  a  pavement  of  3-inch  Aberdeen 
granite  sets,  9  inches  deep,  laid  in  such  a  thoroughfare  as 
Gracechurch  Street,  in  which  the  traffic  as  indicated  in  the 
table,  No.  22,  was  rather  below  the  average  of  the  prin- 
cipal streets.  This  estimate  was  based  on  the  prices  of 
1842,  in  which  year  he  assumes  the  laying  of  the  pavement 
for  the  purpose  of  a  direct  comparison  with  the  cost  of 
Carey's  wood  pavement  in  Gracechurch  Street.  The  cost 
of  the  first  3 -inch  Aberdeen  granite  sets  laid  in  the  City 
was  14s.  6d.  per  square  yard,  laid  and  grouted  complete, 
exclusive  of  foundation.  The  duration  was  taken  at  25 
years,  as  from  1842, — assuming  that  the  granite  was  not 

*  Stated  by  Colonel  Haywood. — See  Procccduigs  of  the  Insti^ulion 
of'  Civil  Evffitucrs,  vol.  xiii.  page  231. 


Per  sq.  yd. 

for  25  ye. us. 

B.     d. 

14     G 

Per  sq.  yd. 

pe.'  year. 

d. 

6  96 

3     01 
1      3J 

2-04 

18     9 

9 

2     3 

1-08 
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removed  until  it  was  quite  worn  out.  During  this  time,  it 
would  have  required  three  general  relays,  at  a  cost  of 
Is.  per  square  yard,  in  addition  to  ordinary  repairs,  costing 
^d.  per  square  yard  per  year,  for  20  out  of  the  25  years 
of  life,  allowing  the  first  five  years  free  of  cost  for  re- 
pairs : — 

First  cost,  excluding  foundation 
Eepairs ;  three  relays  at  1  s. 
Ditto,  20  years  at  f  d.  per  year 

Total  Expenditure   .... 
Deduct  value  as  old  material    . 

Net  total  cost 16    6  7-92* 

This  estimate  was  formed  on  the  assumption  that  the 
stone  would  have  been  worn  out  where  it  was  first  laid. 
In  actual  practice,  it  would  have  lain  there  from  14  to  18 
years,  and  would  have  been  removed  to  streets  of  inferior 
traffic,  where  it  would  have  lasted  at  least  as  lorg  again. 
The  total  life  would  thus  have  reached  to  from  30  to  40 
years  ;  and  this  may  be  taken  as  the  actual  life  of  3-inch 
granite  sets  under  the  given  conditions,  with  a  value  as  old 
material  of  from  Is.  6d.  to  2s.  6d.  per  square  yard.  If  the 
whole  life,  as  for  Gracechurch  Street,  be  taken  as  35  years, 
it  will  appear,  from  a  calculation  similar  to  the  above,  that 
the  net  total  cost  is  7d.  per  square  yard  per  year. 

London  Bridge  was  considered  by  Colonel  Haywood  to 
be  the  busiest  thoroughfare  in  the  world.  In  the  course 
of  12  hours,  in  one  day  in  1850,  it  was  traversed  by  13,099 
vehicles.  The  whole  surface  of  the  bridge  was  covered 
with  a  bed  of  clay,  15  inches  thick,  thoroughly  puddled 
and  well  beaten  together.     Upon  this  a  3 -inch  layer  of 

*  Colonel  Haywood  makes  out  the  cost  per  square  yard  per  year  at 
about  7fd. 
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fine  sand  was  laid ;  next,  a  bed,  12  inches  deep,  of  fine 
flint  stones  broken  into  small  pieces,  not  larger  than 
2  inches  in  diameter,  well  dressed  and  rolled.  Finally,  it 
was  paved  with  granite  sets  6  inches  by  9  inches  deep, 
and  was  opened  in  1830.  After  a  period  of  12  years,  it 
was,  in  1842,  replaced  by  new  paving,  when  the  old  stone 
was  sold  for  8s.  per  square  yard.  The  second  paving,  laid 
in  1842,  was  formed  of  3-inch  Aberdeen  granite  sets, 
9  inches  deep ;  it  was  down  9  years,  and  was  taken  up 
and  replaced  with  new  granite  in  1851.  The  second 
paving,  though  lifted,  was  not  worn  out;  the  average 
wear  of  the  stones  was  estimated,  from  the  result  of  careful 
observation,  at  first  2  inches  of  depth, — being,  at  the  rate 
of  "222  inch  per  year ;  and,  had  they  been  dressed,  sorted, 
and  relaid,  with  a  small  quantity  of  new  stones  to  supply 
the  deficiency  of  those  which  were  very  much  worn,  or 
badly  cut,  they  would  have  lasted  7  or  8  years  more  upon 
the  bridge,  and  would  then  have  been  fit  to  lay  in  a 
secondary  thoroughfare.  They  would  have  been  relaid 
on  the  bridge,  but  for  the  fact  that  more  time  would  have 
been  consumed  by  this  process,  than  by  repaviug  with 
new  material. 

The  total  area  of  the  carriage-way  of  London  Bridge  is 
3,950  square  yards.  The  following  were  the  expenses 
actually  incui'red  on  the  pavement,  from  1842  to  1851 : — 


First  cost        .... 
Repairs  for  9  years 

Total  expenditure   . 

Deduct  allowance  for  old  stones 

Net  total  cost  for  9  years 

The  cost  of  the  substratum  is  not  included  in  this  state- 
ment of  expenditure.     The  high  first  cost  was  occasioned 


Per  sq.  vd. 

Per  sq.  yd. 

For  9  years. 

for  9  yea  s. 
s        d. 

per  year. 
8.      d. 

£3,850  16     0 

19     6 

2     2 

277  11     0 

1     486 

1-87 

4,128     7     0 

20  10-86 

2     3-87 

757     0     0 

3  10 

5-11 

3,371     7     0 

17     0-86 

1   10| 
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by  the  great  difficulty  experienced  in  obtaining  3-incli 
stones,  which  had  but  recently  been  introduced,  unless  a 
high  price  was  paid  for  them ;  together  with  the  forcing 
of  the  labour,  and  the  performance  of  the  work  by  a 
half-width  at  a  time. 

The  paving  of  Blackfriars  Bridge,  in  1840,  with  3-inch 
sets  has  already  been  noticed,  page  173.  The  paving  con- 
sisted of  Aberdeen  stones  and  Guernsey  stones,  and  was 
done  at  a  cost  of  205.  per  square  yard,  including  a  foun- 
dation of  concrete  12  inches  deep.  The  average  amount 
of  wear,  after  13  years'  work,  were  1^  inches  of  the  Aber- 
deen granite,  and  i  inch  of  the  Gruernsey  granite.* 

In  1871,  Colonel  Haywood  made  estimates,  based  upon 
past  experience,  of  the  durability  and  cost,  under  not  un- 
favourable circumstances,  of  Aberdeen  granite  pavement, 
3  inches  wide  and  9  inches  deep,  in  Cheapside,  Poultry, 
Old  Broad  Street,  Moorgate  Street,  and  Lombard  Street, 
which,  varying  in  width  as  well  as  in  the  nature  of  the 
traffic,  might  be  taken  as  types  of  the  leading  thorough- 
fares of  the  City.  The  cost  of  pavements  generally  had 
augmented  gradually  during  the  previous  30  years.  In 
1854,  the  cost  was  from  15s.  to  l7s.  per  square  yard. 
In  1871,  the  price  of  paviors'  work,  above  described, 
complete,  except  the  foundation,  was  15s.  i^d.  per  square 
yard;  but  he  adopted,  in  his  estimates,  a  cost  of  16s.  per 
square  yard. 

The  estimated  duration  of  a  granite  pavement  in  Cheap- 
side  was  15  years;  and  assuming  one  entire  relay,  and 
allowing  for  the  value  of  the  old  stone  when  removed  at 
the  end  of  the  time,  the  total  cost  during  the  period  of 
15  years  would  be  £1  4s.  i^d.,  or  Is.  7id.  per  square  yard, 
per  year. 

Similarly,  for  the  Poultry,  Old  Broad  Street,  Moorgate 

*  Proceedings  of  the  Institution  of  Civil  Engineers,  vol.  xiii. 
page  237. 
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Street,  and  Lombard  Street,  suitable  periods  of  duration 
were  assigned,  and  one  general  relay  during  the  time,  with 
allowance  for  the  value  of  the  old  stones.  The  following 
table  comprises  particulars  of  Colonel  Haywood's  esti- 
mates for  the  several  streets : — 


Table  No.  24.— Estimated  Duration  axd  Cost  of  Granite  Pave 

MENTS  IN  PllINCIPAL  CaRRIAGE-WAYS  IN  THE  ClTY  OF  LoNDON,   1871. 


Aberdeen  Granite  Sets,  3  inclies  wide  by  9 

inches  deep. 

Total  cost, 

1 

Dura- 

including 

Average 

Width 

Daily 

tion  of 

First 

main- 

total cost 

Situation. 

of 

traffic  in 

the 

cost  per 

tenance, 

per  square 

SUeet. 

24  holts 

Pave- 

square 

and  de- 

yai'd per 

ment. 

yard. 

ducting 
for  old 
stones. 

year. 

Feet. 

Vehicles. 

Years. 

s     d. 

8.      d. 

s.     d. 

Cheapside 

30 

11,900 

15 

16  0 

24     U 

1     7i 

Poultry     . 

22 

9,600 

8 

16  0 

22     4 

2     9^ 

Old  Broad  Street 

24 

2,H00 

20 

16  0 

20   Hi 

1     0^ 

Moorgate  Street 

32 

7,400 

15 

16  0 

20     7 

1     U 

Lombard  Street 
Averages  . 

17 

2,600 

20 

16  0 

21     il 

1     Of 

— 

— 

15-6 

IG  0 

21     11 

1     7 

The  average  estimated  duration  indicated  by  this  table 
is  nearly  identical  with  that  which  is  deduced  from  actual 
observation  in  the  previous  table.  No.  23. 

Typical  sections  and  plans  of  a  b^-feet  street  for  the  City  of 
London^  Figs.  46,  47,  and  48. — For  these  illustrations  the 
Author  is  indebted  to  Colonel  Haywood.  The  extreme 
width  of  the  street  is  50  feet,  between  the  Jiouses : — 
divided  into  30  feet  for  the  width  of  the  carriage-way, 
and  10  feet  for  each  footway.  The  bed  of  the  road  is 
excavated  to  a  depth  of  21  inches  below  the  finished  level 
of  the  street,  following  the  contour  of  the  surface.  A 
layer  of  broken  stones,  9  inches  thick,  is  distributed  over 
the  ground,  and  is  covered  by  a  layer  of  hoggin  or  small 
gravel  and  sand,  3  inches  tliick,  as  a  bed  for  the  paving. 


Y I  IT  Y-  FEET    R  TllEKT 
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SOUTHWARK   STREET. 
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The  paving  consists  of  granite  sets  or  "  cubes,"  3  inches 

wide   and  9  inches    deep,  and 

of  lengths  varying  from  10  to 

15  inches,  grouted  at  the  joints. 

The   rise  of  the   pavement   is 

6  inches    for   the  width  of  30 

feet,  or  1  in  30  for  the  average 

inclination,  the   contour  being 

a   segment    of  a    circle.     The 

footpaths  are  laid  with  3-inch 

York  pavement,  bounded  by  a 

"1^^  granite  kerb  12    inches  wide, 

^  and    9   inches   deep,    showing 

^  6   inches   above   the   roadway 

I  pavement. 

Southward  Street,   Southwarh, 
fe  Figs.    49    and   50. — This  is   a 
I  good  example  of  a   first-class 
"^^  Metropolitan   street,    arranged 
g  with  a  subway  and  a  sewer  at 
i  2  the   middle,    and   cellarage  at 
I  each    side.      The    street  is  70 
s  feet  wide  between  the  houses, 
°f  comprising    two    12-feet   foot- 
J"^.  ways,  and   a   carriage-way  46 
S  feet  wide.      For  the  construc- 
tion of  this  street,  the  ground 
was     levelled,     and    the     soft 
places    cleared   out.      It    was 
covered  with    a   bottoming   of 
brick   rubbish,    varying    from 
6    to    10    inches    deep,    which 
was    rolled   and   bound    with 
sand.      Upon    this    bottoming 
was  laid  a  stratum  of  concrete 
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12  inches  thick,   consisting  of  Llue  lias    lime   and  clean 
Thames  ballast,   in  the  ratio   of  1  to  6  by  naeasure.     A 


4    ZYorTc  ravinff 


Fig.  50.— Southwark  Street,  Southwark. — Longi'.udinal  section  undor 
footpath. 

layer  of  sand  or  hoggin,  1^  or  2  inches  thick,  was  dis- 
tributed over  the  concrete  as  a  bed  for  the  granite  sets, 
which  were  9  inches  deep  and  3  inches  wide.  The  stones 
were  set  close  and  grouted  together. 


CHAPTEE  yin. 

STONE  PA^^MENTS  OF  LIVERPOOL. 

According  to  the  report  of  Mr.  Newlands,  the  borough 
engineer  of  Liverpool,  in  1851,  there  were  174  miles  of 
carriage-way,  and  69  miles  of  courts  and  pass;  g  'S,  com- 
prising— 

Square  yards. 
Carriage-ways         .         .         2,243,560 
Clianiiels  .         .  231,362 

2,474,922 

Footways 1,048,264 


3,523,186  square  yards. 

From  this  it  appears  that  the  average  width  of  the  car 
riage-ways  and  channels  together  was  8*1  yards,  or  24*3 
feet.  The  covering  of  the  carriage-ways  consisted  foi 
the  most  part, — to  the  extent  of  nearly  two-thirds, — of 
boulder  paving;  one-fifth  consisted  of  macadam,  8  per 
cent,  only  consisted  of  pavement  of  greywacke  sets  from 
Penmaenmaur,  and  6  per  cent,  consisted  of  sand  and 
ashes. 

The  actual  cost  for  the  construction  of  several  streets 
with  greywacke  pavement,  in  3-inch  sets,  is  given  in  Table 
No.  25.  The  channels  were  of  Penmaenmaur  stone,  and 
the  crossings  of  granite.  The  cost  for  the  preparation  of 
the  foundation  is  included.  The  foundation  consisted  of 
a  bottoming  of  ballast  prepared  and  covered  with  gravel 
and  sand,  upon  which  the  sets  were  placed. 
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A  similar  table,  No.  26,  gives  tlie  cost  for  the  con- 
struction of  several  streets  with,  boulder  paving ;  from 
which  it  may  be  seen  that  the  boulders  were  bedded  on 
the  ground,  without  the  intervention  of  a  hard  bottoming. 

Table  No.  25. — Liverpool  Streets  : — Cost  for  Construction  per 
Square  Yard  of  the  Caeriage-ways  of  Six  Streets  in 
different  localities. 

Greywacke  Set  Pavements. — Sets,  3  inches  wide,  7  inches  deep. 


Materials. 

Stone  Sets . 
Gravel,   Sand,  ) 
Ballast  ) 

Lime 

Crossings  . 
Channels    . 

Materials 
Cartage 

Total  Cost  for  ) 
Materials      I 


Name  of  Street. 


Strand.  Temple. 


pence. 

37-14 

5-38 

1-23 
3-14 
1-60 


pence. 

29-47 

5-90 

2-28 
2-75 
6-69 


48-49 
13-60 


47-09 
8-26 


62-09    55-35 


Crosby. 


(Jraf-     Eum- 
ton.       ford. 


pence. 
24-72 

pence. 
36-26 

8-23 

•89 

1-19 
2-28 
2-58 

1-08 

•03 

3-18 

pence. 

38-72 

203 

2-65 

•67 

4-40 


39-00 
2-34 


41-44 
4-04 


48-47 
1-42 


41-34    45-48  ]  49-89 

1 


Elliot. 


Average 

First 
Costs 


pence. 

26-92 

2-08 

1-01 
10-07 


4008 
1-97 


42-05 


pence. 

32-20 

4-09 

1-57 
3^16 
3-07 


44-09 
5^27 


49-36 


Labour. 

Paviors 
Labourers  . 

Labour    . 
I^se  of  Tools      . 

Total  cost  for  ) 
Labour         j 


5-59 
11-43 

6-92 
12-23 

1915 
1-33 

4-69 
958 

1-93 

4-84 

3-29 
10-38 

j  7-89 

17-02 
•90 

14-27 
•51 

6-77 
•45 

13-67 
•72 

7-89 
•39 

8-28 

17-92 

20-48 

14-78 

7^22 

14-39 

4^19 
8-93 


Total  Cost  for 
Materials  & 
Labour 
or 


80-01 


6s.  8d 


75-83 
6s.3|d 


56^12  I  52-70 
4s.  8d.4s.4|d. 


64-28 
5s.4id. 


50-33 
4s.2id. 


13-12 
-72 

13-84 

63.20 
5s.3|d, 
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Table  No.  26. — Liverpool  Streets  : — Cost  for  Construction  per 
Square  Yard  of  the  Carriage-ways  of  Six  Streets  in  dif- 
ferent Localities. 

Boulder  Pavement. 


Name  of  Street. 

Average 
First 
Costs. 

Spencer 

Hygeia. 

Sheri- 
dan. 

Jubilee. 

Hope. 

Hope 
Place. 

Materials. 

Boulders    . 
Channels    . 
Crossings   . 
Gravel  and  Sand 

Materials 
Cartage 

Total  Cost  for ' 
Materials 

pence. 

14-61 

4-08 

-27 

pence. 

17-52 
3-96 
1-88 

pence. 

12.28 

9-82 

13-60 

-22 

pence. 

13-06 

6-39 

8-51 

•61 

pence. 

9-76 

4-51 

3-35 

•41 

pence, 

11-25 

6-80 

1-66 

-69 

pence. 

13-08 

5-93 

4-88 
-32 

18-96 

2  83 

23-36 
3-76 

35-92 
8-34 

28.57 
5-49 

18-03 
306 

20-40 
1-21 

24-21 
411 

21-79 

37-12 

44-26 

34-06 

21-09 

21-61 

28-32 

Labour. 

Paviors 
Labourers  . 

Labour    . 
Use  of  Tools      . 

Total  Cost  for  ] 
Labour 

3-51 

5-27 

3-24 
4-86 

2-83 
11-74 

4-17 
4-98 

2-88 
3-30 

3-80 
4-53 

3-40 
5-78 

8-78 
•51 

8-10 
•48 

14-57 
-98 

9-15 
•37 

6-18 
•62 

8-33 
•46 

9-18 
•57 

9-29 

6-58 

15-55 

9-52 

6-80 

8^79 

9-75 

Total  Cost  for  "| 
Materials  &  J- 
Labour,        J 
or 

31-08 

35-70 

2/111 

59-81 
4/111 

43-58 
3s.7|d. 

27-87 
2s.  4d. 

30-40 
2s.6|d. 

38-07 
3s.  2d. 

These  tables  afford  good  selections  of  instances  to  show 
how  much  the  cost  is  influenced  by  the  circumstances 
under  which  the  work  is  done.  The  cost  of  the  materials 
used  in  set-paving  does  not  vary  so  much  as  the  cost  of 
cartage  and  of  labour,  which  depend  upon  the  distance  of 

k2 


196  STONE    PAVEMENTS    OF    LIVERPOOL. 

a  street  from  the  docks  whence  the  material  is  conveyed ; 
and  upon  the  length  of  the  day  and  the  state  of  the 
weather,  and  other  circumstances  affecting  the  conve- 
nience for  operations. 

From  these  tables  it  appears  that  the  average  costs  for 
the  construction  of  the  carriage-ways  of  Penmaenmaur 
sets  and  of  boulders,  were  composed  as  follows : — 

LivEEPOOL.  Penmaenmaur  sets.  Boxilders. 

s.    d.  8.  d. 

Materials  .         4     I5     or  78  per  cent.  2  4^     or  74  per  cent. 

Labour      .         .         1     2       or  22       „  0  9|     or  26       „ 

Total  cost.        5     3^       100  3     2        100 

In  introducing  a  comparative  statement  of  the  annual 
cost  for  maintenance  of  set-paving,  boulder-paving,  and 
'macadam,  Mr.  Newlands  fixed  the  first  cost — 

Liverpool.  First  cost. 

For  square-set  paving,  at  48.  6d.  per  square  yard. 
„    "boulder  paving       „  Is.  8d.  „ 

„    macadam  „  Is.  8d.  „ 

These  amounts  were  probably  based  on  wider  averages 
than  those  which  have  been  deduced  from  the  foregoing 
tables.  However  that  may  have  been,  Mr.  Newlands,  in 
1854,  stated  that,  at  Liverpool,  the  first  cost  for  a  set-paved 
road  was  6s.  per  square  yard,  and  that  of  a  macadam 
road  was  2s.  per  square  yard.* 

The  average  cost  for  maintenance  for  the  three  years 
1848 — 50,  is  given  for  27  streets,  of  which  nine  were  paved 
with  squared  sets,  nine  with  boulders,  and  nine  were  laid 
with  macadam.  Summaries  of  the  costs  are  given  in 
the  table,  No.  27. 

Mr.  Newlands  explained  that  the  averages  here  derived 
were  not  to  be  taken  as  for  long  periods, — especially  for  the 
boulder  paving,  much  of  which  was  required  shortly  to  be 

*  Proceedings  of  the  Institution  of  Civil  Engineer Sy  vol.  xiii.,  1853-54, 
age  240. 
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Table  No.  27.— Liverpool  Stukets: — Annual  Cost  for  Main- 
tenance OF  27  Streets,  deduced  fkom  the  averaged  Charges 
for  three  years,  1848-50. 


Penmaenmaiir  set  paving. 

Boulder  paving. 

Macadam. 

Street 

Annual 

cost  per 

square 

yard. 

Street. 

Annual 

cost  per 

square 

yard. 

Street. 

1 

Annual 

cost  per 

square 

yard. 

St.  James' 
Park  Lane     . 
Whitechapel. 
Dale      . 
Castle    . 
North  John  . 
Maryhone 
\yater   . 
Leeds    . 

pence. 
•08 
•29 
•11 
•38 
•17 
•26 
•09. 
•19 
•06 

Blundell 
Mersey . 
Flint     . 
Simpson 
Sparling 
Limekiln  Lane 
Burlington    . 
Soho      . 
Fox       . 

pence. 

.00 

•79 
•73 

l-9o 
•37 
•62 

M4 
•18 

1-01 

'  Church       . 
Berry 
Renshaw    . 
Gt.  George 
Park  Lane 
Myrtle 
Hanover    . 
Gt.Howard 
St.  Anne    . 

pence. 

8-60 

8-33 
18-31 

3-81 
16-29 

5-82 
14-61 
12-54 

3-80 

Averages 

•18 

.         .         . 

•82 

10-23 

renewed.  He  deduced  from  tlie  tables  that,  when  the  mac- 
adam was  subjected  to  heavy  loads,  the  annual  cost  of 
maintaining  it  was  nearly  equal  to  the  cost  of  renewing 
it,  and  that  the  vertical  wear  amounted  to  12  inches  per 
year.  Where  the  loads  were  light,  although  the  traffic  was 
great,  the  wear  of  the  macadam  was  only  about  half  as 
great  as  under  heavy  loads ;  and  that,  under  the  same 
circumstances  of  traffic,  the  expense  was  reduced  when 
the  street  was  wide  and  open,  and  the  moisture  was 
rapidly  evaporated  by  the  action  of  the  sun  and  the  air. 
He  concluded  from  the  experience  of  Castle  Street,  Dale 
Street,  and  Marybone,  that  set-paving  would  last  20  years 
before  requiring  to  be  renewed.  He  decided,  finally,  that 
the  total  annual  costs  of  maintenance  were  respectively, 


Liverpool. 
For  square-set  paving 
„   Boulder  paving  . 
,,   Macadam 


Maintenance  annually. 
•28  pence  per  square  yard. 
6-80 
16-00 


CHAPTEE  IX. 

STONE  PAYEMENTS  OF  MANCHESTER. 

The  early  pavements  for  the  streets  of  Manchester  con- 
sisted of  boulder  stones  brought  from  the  sea-coasts  of 
Wales,  Westmoreland,  and  Cumberland,  like  those  of 
Liverpool,  which  have  already  been  described.  But  the 
construction  of  boulder  pavement  has  long  since  been  dis- 
continued ;  the  importation  of  boulders  into  Manchester 
ceased  about  the  year  1840.  There  yet  remains  a  con- 
siderable area  of  such  pavement,  particularly  in  the  older 
streets  of  small  traffic,  in  the  outskirts.  They  are  in  process 
of  renewal  with  granite  sets.  When  finely  broken,  the 
boulder  stones  make  an  excellent  ''racking"  or  packing 
for  paving  sets. 

The  principal  thoroughfares,  according  to  Mr.  H.  Eoyle, 
District  Surveyor,*  are  paved  chiefly  with  syenitic  granite, 
or  with  trap-rock  sets.  The  most  usual  dimensions  of  the 
sets  are  5  inches,  6  inches,  and  7  inches  in  depth ;  from 
3  to  3|  inches  in  width,  and  from  5  to  7  inches  long.  The 
largest  and  deepest  sets  are  laid  in  streets  having  the 
heaviest  traffic.  Cubes  of  4  inches  were  tried,  some  years 
ago  ;  but  it  appeared  that  they  were  unfitted  for  resisting 
the  lateral  stress  of  the  traffic, — particularly  on  streets  of 
considerable  inclination.  Stones  are  obtained  from,  1st. 
The  Welsh  Grranite  Company,  and  the  Portnant  Granite 

*  See  a  paper  "  On  Street  Pavements  in  Manchester,"  by  Mr.  H. 
Royle,  District  Surveyor;  read  July  9,  1876,  before  the  Association 
ot  Municipal  and  Sanitary  Engineers  and  Surveyors. 
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Company,  near  Carnarvon.  2nd.  The  Syenite  Granite 
Company,  Portmadoc.  3rd.  From  greywacke  quarries  at 
Penmaenmaur,  North.  Wales.  4th.  From  quarries  at  Clee 
Hills,  Shropshire.  5th.  From  Newry,  Ireland.  It  is  said 
that  the  prices  of  sets  from  these  quarries  are  nearly  the 
same. 

The  secondary  streets,  of  little  traffic,  are  paved  with 
sets  of  millstone-grit,  brought  from  the  mountainous  dis- 
tricts of  Lancashire  and  Derbyshire. 

Macadam,  which  is  regarded  in  Manchester  as  an  expen- 
sive nuisance,  is  being  gradually  replaced  with  granite 
pavement. 

The  paved  carriage-Vv^ays  are  constructed  in  the  follow- 
ing manner: — A  foundation,  not  exceeding  15  inches  in 
thickness,  is  laid,  of  cinders  and  other  hard  material, 
including  3  inches  of  gravel  as  a  bedding  for  the  sets. 
The  traffic  is  turned  over  this  foundation  until  it  becomes 
solid ;  and  the  temporary  gravel  surface  is  renewed  from 
time  to  time.  When  the  surface  has  become  sufficiently 
solid,  the  sets  are  bedded  upon  it,  and  well  beaten,  and 
they  are  racked  with  clean  small  broken  stones,  or  with 
washed  gravel.  The  joints  of  the  stones  are  then  filled  up 
with  an  asphaltic  fluid  mixture  composed  of  coal-tar,  pitch 
made  from  coal-tar,  gas-tar,  and  creosote  oil ;  in  the  pro- 
portion of  1  cwt.  of  pitch  to  4  gallons  of  tar,  and  1  gallon 
of  creosote, — proportions  which  are  varied  somewhat  accord- 
ing to  the  quality  of  the  pitch  employed.  The  mixture  is 
melted  and  boiled  for  from  1  to  2  hours,  in  a  boiler  adapted 
for  the  purpose,  before  it  is  poured  into  the  joints. 

The  use  of  the  pitch-composition  for  closing  the  joints 
of  the  stone -sets  was  originally  suggested  by  Mr.  Pon- 
chetti,  a  chemist,  of  Manchester ;  and  the  good  reputation 
of  Manchester  pavement  is,  in  a  great  measure,  due  to  the 
employment  of  this  compound  for  jointing,  together  with 
the  solid  foundation   prepared  for   the   pavement.      The 


200  STONE    PAVEMENTS    OF    MANCHESrEU. 

jointing  is  impervious  to  moisture,  and  possesses  a  degree 
of  elasticity  sufficient  to  prevent  it  from  cracking.  It 
adapts  itself  to  all  temperatures.  Sometimes,  as  Mr.  Boyle 
observes,  in  the  heat  of  the  summer,  the  asphalte,  as  he 
calls  it,  rises  out  of  the  joints,  and  slowly  flows  to  the 
channels ;  but  this,  it  is  said,  rarely  happens,  and  it  hap- 
pens only  when  the  asphalte  has  not  been  properly  pre- 
pared. It  follows  that  the  foundation  is  always  dry,  and  as 
no  material  rises  from  below,  the  formation  of  mud  is  pre- 
vented, and  the  cleansing  of  the  surface  is  easily  done. 
The  foundations  of  hard  core,  prepared  in  the  manner 
described,  have  given  entire  satisfaction ;  and  there  has 
not  been  any  need  for  the  employment  of  concrete  in 
foundations. 

The  pitch  obtained  for  the  jointing  of  the  pavement  has, 
during  the  last  10  or  12  years,  deteriorated  in  value  for 
the  purpose, — since  the  demand  for  gas-tar  for  the  manu- 
facture of  aniline  and  other  dyes,  which  has  greatly  in- 
creased,— by  the  removal  of  that  ingredient  in  virtue  of 
which  the  asphalte  retained  its  elasticity  and  adhesive- 
ness. The  deficiency  is  partially  supplied  by  the  addition 
of  the  gas-tar,  which  is  added  to  the  pitch  whilst  it  boils. 
Still,  it  is  said,  the  asphalte  laid  in  the  old  pavements 
was  much  better  than  that  which  is  now  made ;  and  the 
carriage-way  pavements  more  recently  constructed  are  not 
likely  to  last  so  long  in  good  condition  as  the  older 
asphalted  pavements. 

The  cost  for  repaving  an  old  street  with  sets  6  inches 
deep,  exclusive  of  the  cost  for  foundation,  and  without 
taking  credit  for  old  material,  is  as  follows  : — 

For  stone  sets,  6  inches  deep       .        .     8s.  4d.  per  square  yard. 

Labour,  carting,  gravel,  asphalte          .     2s.  6d.  to  2s.  9d.         „ 
Total 10s.  lOd.  to  lis.  Id.     „ 

The  amount  of  the  second  item  for  labour,  &c.,  is  a  mini- 
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mum  in  siimmer,  when  tlie  men  work  for  54^  hours  per 
week;  and  is  a  maximum  in  winter,  when  the  hours  of 
labour  are  fewer.  The  average  cost  for  the  year  is  Us. 
per  square  yard. 

Mr.  Eoyle  states  that  the  cost  for  maintenance  of 
asphalte-granite  pavement  is  in  simple  proportion  to  the 
density  of  the  traffic ;  at  the  centre  of  the  City,  the  cost 
is  greatest.  He  adds  that  the  average  duration  of  the 
pavement,  as  first  laid,  is  14  years;  at  the  end  of  which 
time  it  requires  to  be  entirely  relaid ;  and  that  a  sinking 
fund  of  3d.  per  square  yard  per  year  would  provide  labour 
and  material  for  maintenance  in  perpetuity. 

Macadam  in  Manchester. — The  cost  of  macadamising 
Albert  Place,  Manchester,  in  1852,  exclusive  of  founda- 
tion, comprising  an  area  of  1,373  square  yards,  was  as 
follows  : — 

Per  sq.  yd. 
8.    d. 
606  tons  9  cwt.  of  macadam  at  lOs.  .     £303     4     6        4     5 

Labour        .  .  .  .  .  11   18     8         0     2 

Carting       .  .  .  .  .         24  15     4^       0     4^ 


Total     ,  .  ,339  18     6^      4  11^ 

Taking  the  weight  of  one  cubic  yard  of  macadam  at 
\^  tons,  the  bulk  of  the  macadam  used  was  (606*5  x  f  =) 
539  cubic  yards,  which  was  equivalent  to  a  layer  9  inches 
in  thickness.  The  cost  of  maintenance,  including  scav- 
enging, was  is.  l^d.  per  square  yard  per  year. 
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CHAPTEE  X. 


WEAR  OF  GRANITE  PAVEMENTS. 


It  has  been  stated  that  the  greywacke  sets  from  Pen- 
maenmaur  are  practically  limitless  in  their  resistance  to 
wear ;  and,  as  a  corollary,  they  make  dangerously  slippery 
pavements.  Next  to  these,  the  sets  of  Guernsey  granite 
may  be  ranked.  Mount  Sorrel  granite  comes  after ;  and 
Aberdeen  granite  sets,  the  most  generally  popular,  arie  the 
softest  and  the  least  durable ;  that  is,  they  wear  the  most 
rapidly.  The  order  of  resistance  to  wear  of  other  stones, 
— ^the  results  of  Mr.  Walker's  experiments, — has  been 
given,  page  126. 

The  data  for  the  vertical  wear  of  granite  pavement, 
forming  the  basis  of  the  following  table.  No.  28,  are 
collected  from  various  sources*:  — 

Table  No.  28. — ^Wbar  of  Carbiage-'way  Pavements  in  the  City. 

Aberdeen-granite  stones. 


liOCALITy. 

Year  of 
obser- 
vation. 

Width 

of 
stones. 

Num- 
ber of 
years 
down. 

Amount  of  vertical  -wear. 

Num- 
ber of 
years  to 
wear 

1  inch. 

Years. 

15^5 

7^2 

9-6 

8 

7 

Total 

per  Year. 

Watling  Street 
Great  Tower  Street . 
Bishopsgate    Street 
Without 

St.  Paul'sCliTircliyard 
Fleet  Street      . 

1844 

? 

1850 

1847 
1846 

Inches. 
6 
6 

6 

6 
6 

Years. 

17 
9 

20 

.16 
14 

Inches. 

n 

2^ 

2 
2 

Inch.      • 
•065,  or  iV 
•139,  or  f  nearly 

•105,  or-iio-fuUy 

•125,  or  i 
•143,  or  f 

Poultry    . 
London  Bridge 
BlackfriarsBdg.(old) 
Do.  (Guernsey  stones) 

1852 
1851 
1853 
1853 

3 
3 
3 
3 

6 

9 

13 

13 

litolj 
2 

•230,  or  f 
•222,  or  f 
•115,  or-l- 
•019,or:,V 

4-4 
4-5 
8-7 
52 

*  Chiefly  from  the  Proceedvif/s  of  the  Institution  of  Civil  £ngineers, 
vol,  ix.,  page  214  ;  and  vol.  xiii.,  page  221. 
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It  may  be  expected  that  there  is  a  correspondence  be- 
tween the  intensity  of  the  traffic  and  the  rate  of  vertical 
wear  of  the  several  granite  pavements.  But,  in  forming 
such  a  comparison,  there  is  another  factor  to  be  introduced, 
— the  width  of  the  pavement ;  for  the  vertical  wear  may 
be  expected  to  be  directly  as  the  quantity  of  daily  traffic, 
and  inversely  as  the  width  of  the  street ;  and  the  quotient 
of  the  traffic  by  the  width,  or  the  number  of  vehicles  per 
foot  or  per  yard  of  width,  measures  the  intensity  of  the 
traffic.  The  following  table.  No.  29,  has  been  constructed 
to  show  to  what  extent  the  relation  holds  good  for  such  of 
the  thoroughfares  as  have  had  their  traffic  observed.  The 
traffic,  showing  the  number  of  vehicles  that  traversed  each 
locality  in  ten  hours  in  one  day,  in  1850,  already  given  in 
a  previous  table,  is  calculated  for  one  foot  of  width  of  each 
locality ;  and  the  last  column  contains  the  products  of  the 
relative  intensities  of  traffic,  in  column  4,  by  the  periods  of 
year  required  to  wear  the  pavement  through  equal  vertical 
depths  of  one  inch.  These  products  represent  proportion- 
ally the  relative  amounts  of  traffic  which  caused  equal 
amounts  of  vertical  wear : — 


Table  No.  29. — Wear  of  Carrtage-way  relative  to  Intensity  of 
Traffic. 

Aberdeen  Granite  Stones. 


Locality. 

Approxi-  ' 

mate 

average 

width  of 

pavement. 

Vehicles  in  one  day 
in  1850. 

Number  of 
years  to 

wear  away- 
one  iuch. 

Relative 

amounts  of 

traffic  for 

equal 

amounts  of 

vertical 

;       wear. 

Total. 

Per  foot 
of  width. 

Sets  6  inches  wide. 

Gt.  Tower  Street 

Bishopsgate  St.  i 

Without          f 

St.Paul's  Church- 
yard 
Fleet  Street 

Feet. 
16 

22 

(narrowest 
1      part.) 

i         33 
j         30 

Vehicles. 
2,80 
4,110 

6,829 
7,741 

Vehicles. 
181 
190 

207 
258 

Years. 
7-2 
9-6 

8 

7 

1 
Col.  4  ■<  col.  5 
1 
1,303 

1,824 

1       1,656 
1,8U6 
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Table  No.  29 — continued. 


LOCAIJTT, 

Approxi- 
mate 
average 
width  of 
pavement. 

Vehicles  in  one  day 
in  1850. 

Number  of 
years  to 

Relative 

1  amounts  of 

traffic  for 

'        equal 

amounts  of 

vertical 

wear. 

Total. 

Per  foot 
of  width. 

wear  away 
one  inch. 

Sets  3  inches  wide. 

Poultry      . 
London  Bridge . 
Blackfriars  Bdg. 
(old)       .        . 

Feet. 

22 
35 

28 

Vehicles. 

10,274 
13,099 

5,262 

Vehicles. 

467 
374 

188 

Years. 

4-4 
4-5 

8-7 

Col.  4  X  col.  5 

2,055 
1,683 

1,636 

1 

1 

2 

3 

4 

6 

6 

Supposing  that  the  intensities  of  traffic  be  truly  measured 
by  the  quantities  in  the  4th  column  of  the  table,  and  that 
the  wear  had  been  exactly  in  the  inverse  ratio  of  the  in- 
tensity of  traffic,  the  relative  products  in  the  last  column 
should  have  been  equal  to  each  other.  But  the  quantities 
in  the  4th  column  can  be  but  roughly  approximate  to  each 
other,  for  they  are  based  on  but  one  day's  observations  ; 
besides,  the  traffic,  though  it  was  distinguished  according 
to  the  number  of  horses  to  a  vehicle,  was  not  classified  so 
as  to  distinguish  goods  traffic  from  passenger  traffic. 
There  is,  nevertheless,  a  remarkable  degree  of  correspon- 
dence in  the  products  or  measures  of  performance.  The 
Poultry  exhibits  the  highest  product;  and  that  is  con- 
sistent with  the  fact  that  the  traffic  consisted  of  a  less  pro- 
portion of  waggon  traffic  than  that  of  London  Bridge  or 
Fleet  Street,  and  that  the  traffic  of  the  Poultry  was  limited 
to  a  walking  pace.  Again,  though  there  is  a  much 
larger  proportion  of  heavy  traffic  over  London  Bridge, 
yet  the  heaviest  traffic  moves  at  a  walking  pace,  and 
thus  the  pavement  holds  a  high  position  in  the  order  of 
relative  duration.  It  is  remarkable,  too,  that  Blackfriars 
Bridge,  with  an  intensity  of  traffic   exactly  one  half  of 
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that  of  London  Bridge,  shows,  in  column  5,  about  twice 
the  actual  duration  ;  and  that,  consequently,  the  products 
in  the  last  column  are  substantially  identical.  The  per- 
formance of  Bishopsgate  pavement  is  high ;  and  the 
highness  of  the  rate  may  be  partially  attributable  to 
the  fact  of  the  irregularity  of  width  of  the  street,  for 
here  and  there  it  expands  into  large  bays  which  dilute 
the  traffic  to  some  extent  at  certain  localities. 

The  evidence  in  the  last  table  supports  generally  Colonel 
Haywood's  conclusion,  drawn  from  the  results  of  his 
observations,  that  the  duration  of  a  pavement  is  '*  almost 
exactly  "  in  the  inverse  ratio  of  the  amount  of  the  traffic 
over  it. 

From  the  foregoing  materials,  some  useful  general  data 
may  be  adduced  for  the  wear  and  duration  of  granite  pave- 
ments. For  the  seven  pavements  named  in  Table  No.  29, 
the  traffic  and  the  wear  were  as  follows  : — 


Vehicles  per 

Vertical  wear 

foot  of  width. 

per  year. 

181 

•139  inch. 

190 

•105     „ 

207 

•125     „ 

258 

•143     „ 

467 

•230     „ 

374 

•222     „ 

188 

•115     „ 

1,865  vehicles. 

1-079  inches. 

266       „ 

•154     „ 

Abebdekn  GaAKiTE  Pavements. 

Great  Tower  Street 
Bishopsgate  Street  Without 
St.  Paul's  Churchyard    . 
Fleet  Street 
Poultry  . 
London  Bridge  . 
Blackfriars  Bridge  (old) 

Totals 
Averages 

From  these  averages,  it  appears  that  the  wear  per  100 
vehicles  per  day  per  foot  wide,  was  equal  to  ("154  X  iff =) 
•058  inch,  or  about  -re  inch  per  year. 

To  apply  this  rate  of  wear  to  the  representative  streets 
in  Table  No.  24,  page  188,  the  daily  traffics  in  12  hours  are 
here  taken,  for  the  sake  of  uniformity  of  comparison  :* — 

*  These  traffics  are  taken  from  a  tahle  cf  Asphalte  Pavements,  in  a 
following  page. 
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Cheapside     , 

298  vehicles  per  foot  of  width. 

Poultry 

.        363 

Old  Broad  Street     . 

.         103 

Moorgate  Street 

.         188 

Lombard  Street 

.        147 

Average 


220 


The  average  duration  of  the  granite  pavements  in  these 
streets  is  given  in  Table  No.  24  as  15-6  years.  Take  it 
at  15  years,  as  a  round  number.  Then,  the  total  vertical 
wear  of  the  pavements  when  removed  is  {re  X  15  x 
-f  §^  =)  2-06  inches,  say  2  inches. 

Again,  the  stones,  after  having  been  redressed,  last  20 
years  longer,  in  minor  streets,  for  which  the  traffic  averages 
150  vehicles  in  12  hours,  per  foot  of  width.  Then  the 
total  vertical  wear  in  the  minor  streets  is  (re  X  20  x 
loo=)  1*875  inches,  or,  as  a  round  number,  2  inches. 


Table  No.  30. — City  op  London  : —Eecapitulation   op  Data  on 
THE  Weak  and  Duration  of  Aberdeen  Granite  Pavements. 

Sets,  3  inches  wide ;  9  inches  deep. 


Aberdeen  Granite  Pavements. 

Vertical  wear. 

Duration. 

Vertical  wear  per  100  vehicles  in  12 
hours  per  foot  of  width,  per  year   . 
Total  vertical  wear  in  principal  streets 
Ditto  additional  ditto  in  minor  ditto    . 
Total  vertical  wear  when  laid  aside     . 
Remaining  depth  when  laid  aside 
Depth  of  new  sets        .... 

Inches. 

2 
2 
4 
6 
9 

Years. 

1 
15 
20 
35 

Here  it  is  seen  that  3-inch  sets  may  be  reduced  by  wear 
to  5  inches  of  depth,  when  they  are  treated  as  worn  out, 
and  are  laid  aside. 

The  depth  of  a  stone-set  should  be  proportioned  to  the 
width  at  the  surface.  For  insuring  steadiness  and  re- 
sistance to  the  vertical  and  oblique  forces  applied  to  it  by 
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the  traffic,  the  depth  of  a  set  cannot  be  too  great ;  but  it 
may  be  too  small,  for  the  resistance  to  displacement  be- 
comes less  as  the  depth  is  reduced  in  proportion  to  the 
width.  A  flagstone  laid  in  a  foot  pavement  is  an  extreme 
case  in  point :  it  can,  if  at  all  loose,  be  more  easily  tilted 
on  its  bed,  by  forces  acting  on  it,  which  may  act  with 
leverage,  than  if  it  were  one  of  a  row  of  flags  on  edge 
placed  side  by  side.  For  reasons  of  this  nature,  old 
paving  stones,  from  6  to  8  inches  wide,  are  to  be  met  with 
in  London,  having  a  depth  of  11  or  12  inches.  Modern 
granite  sets,  3  inches  wide,  are  made  7  or  9  inches  deep ; 
and  if  2-inch  sets  were  used,  a  depth  of  6  inches  would  be 
sufficient  for  stability.  Thence  there  is  a  saving  in  first 
cost  by  laying  narrow  sets. 


CHAPTEE  XI. 

STONE  TRAMWAYS  IN"  STREETS. 

Mr.  Walker  laid  down  two  granite  tramways  on  tlie 
Commercial  Boad,  in  the  east  of  London ;  they  consisted 
of  two  uniform 'lines  of  ''tram-stones,"  each  16  inches 
wide,  and  12  inches  deep,  and  5  or  6  feet  in  length,  placed 
at  a  suitable  distance  apart,  to  carry  the  wheels  of  vehicles. 
The  interspaces  are  paved.  Such  tracks  are  laid  in  several 
narrow  streets  in  the  City  of  London,  at  Holyhead,  and  in 
other  places.  When  they  were  first  laid  down  in  England, 
each  wheel -track  had  kerbs  at  the  outer  sides;  but  in 
recent  constructions  these  have  been  dispensed  with,  and 
vehicles  may  move  freely  from  one  part  of  the  road  to 
another.  Erom  the  experiments  of  Sir  John  Macneil  on 
the  resistance  of  granite  trackways,  the  resistance  amounted 
to  only  12^^  lbs._.  or  13  lbs.,  per  ton  of  gross  weight: — less 
than  half  the  resistance  of  granite  paving.  On  an  incline 
of  1  in  20,  it  is  reported,  the  resistance  was  132lbs.  per 
ton,  against  a  resistance  of  295  lbs.  per  ton  before  the 
tracks  were  laid.  In  Glasgow,  a  tramway  consisting  of 
cast-iron  plates,  2  inches  thick,  8  inches  wide,  and  cast  in 
lengths  of  3  feet,  is  laid  in  Buchanan  Street,  on  a  gradient 
of  1  in  20,  where  it  has  been  down  for  40  years. 

Granite   tramways*   are  in   general   use   in   Northern 

*  For  the  particulars  of  Italian  tramways,  the  writer  is  indebted 
to  the  valuable  "  Report  on  Stone  Tramways  in  Italy,"  by  Mr.  P.  Le 
Neve  Foster,  Jun.,  C.E.,  appended  to  the  Report  of  the  Committee  of 
the  Society  of  Ai-ts  on  ''Traction  on  Roads,"  June  25th,  1875. 
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Italy,  not  only  in  the  streets  of  the  principal  cities— as 

Turin,  Milan,  and  Verona — but 

also  in  smaller  towns,  as  Ohi- 

vasso,  Mortara,   and  Yigevano. 

They  consist   of  two    parallel 

lines  of  granite  blocks,  usually 

24  inches  wide,  8  inches  deep, 

and  5  feet  in   length,  bedded 


in  a  layer  of  sand.  See  Fig. 
51.  The  lines  are  28  inches 
apart,  and  the  interspace,  or 
footway  for  horses,  as  well  as 
the  other  portions  of  the  road- 
way, are  paved  with  cobbles 
obtained  from  the  Po,  or  from 
other  rivers.  These  stones 
should  be  egg-shaped,  with  a 
maximum  diameter  of  from 
3|-  to  4^  inches,  and  a  depth  of 
from  4^  to  5^  inches.  The 
roadway  is  usually  formed  with 
a  slight  inclination  downwards 
towards  the  centre.  By  this 
arrangement,  the  space  between 
the  trams  serves  as  a  channel  to 
receive  the  surface  water,  and 
is  provided  with  stone  grat- 
ings, placed  at  suitable  inter- 
vals, as  shown  in  Fig.  52, 
by  which  the  water  escapes 
into  the  sewers.  The  surfaces 
of  the  trams  are  slightly  in- 
clined towards  each  other,  the 
inner  edges  being  f  inch  lower  than  the  outer  edges; 
whilst  the  interspace  is  concave,  having  a  versed  sine  or 
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depression  of  1^  inches.     The  foundation  of  the  roadway 


l-x^.  52.— I  Ian  of  Tramway,  Northern  Italy,  showing  stone  gulley. 
Scale  1-lOOth. 


rig  58  —Tramways  in  Northern  Italy     Intersection  of  Tramways  at 
Eight  Angles. 
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consists  of  a  layer  of  screened  gravel,  about  6  inches  deep, 


placed  on  the  surface  of  the  ground,  and  well  rammed  and 
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watered,  so  as  to  form 
a  compact  mass.  Two 
inches  of  sand  is  laid 
on  the  gravel,  as  a 
bed  for  the  paving- 
stones.  The  upper 
surfaces  of  the  trams 
are  dressed  flat,  and 
the  ends  square,  to 
form  close  joints.  The 
stone  gratings  for  the 
gullies  are  32  inches 
long,  formed  with 
three  slots,  12  inches 
long  and  1^  inch 
wide.  After  the  trams 
are  placed,  the  other 
portions  of  the  pave- 
ment are  completed. 
After  the  surface  has 
been  well  rammed 
with  a  wooden  ram- 
mer, it  is  watered 
and  covered  with  a 
bedding  of  sand  |- 
inch  deep,  so  as  to 
fill  the  joints  by  de- 
grees. On  steep  gra- 
dients, the  surfaces 
of  the  trams  are 
grooved  diagonally. 
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Schedule  of  Prices  in  Milan. 

Granite  blocks  for  trains,  from  the  quarries  of  St. 
Fedelino,  including  labour  for  setting,  per  lineal 
yard  ...... 

Granite  blocks  from  Mont  Orfano       per  lineal  yard 
Do.         do.  do. 

not  including  setting 
Paving  with  cobbles    .  .  per  square  yard 

Pit  sand  .  .  .  per  cubic  yard 

Eiver  sand,  from  the  Ticino  or  the  Adda         „ 
ScrL  ened  pit  gravel       .  .  .  „ 

Do.         do.        from  the  Adda       .  „ 

Cobbles  for  paving,  from  the  Adda  or  i 

the  Brembo     3  " 

Do.         do.         from  the  Ticino     .  „ 

Do.         do.         from  the  Lambro 
or  the  Senese 
Stone  gratings  for  gullies       .  .  .      each 

Wages : — Stone  mason  .  .  per  day 

Labourer     ...  „ 

Pavior          ...  „ 

Labour : — Dressing  ends  of  granite  ) 

blocks  to  form  joints  /  P^^  ^^^^^^  ^'^^^ 
Dressing  sides  of  blocks  „ 

Dressing  upper  surface  | 
of  blocks  .         .1 

Repairs : — Eemoval  and  rebedding 


10s.  3|i 
8s. 

6s.  lOd. 

lOid. 
Is.  6^d. 
3s.  Oid. 
Is.  Ifd. 
2s.  lid. 

5s.  8|d. 

4s.  3d. 

4s.  10|d. 

138.  9d. 
2s.  to  2s.  9d. 
lOJd.  to  Is.  7d. 
lOid.  to  Is.  rd. 

2s.  to  3s.  4d. 

Is. 

2s.  5d. 


of   stones,  including 


per  lineal  yard      Is.  Id. 


dressing  upper   sur- 
face and  ends  . 

Removal,  without  re-dressing  „ 

Cutting  diagonal  grooves  v 

f  inch  deep,  4  inches  >  per  square  yard 
apart,  on  trams         .  / 


lOd. 
8d 


From  these  prices,  it  is  calculated  that  the  cost  of  a  line 
of  tramway,  comprising  two  lines  of  trams  and  the  inter- 
mediate paving,  amounts  to  £1,778  per  mile. 

On  wide  thoroughfares,  as  at  Milan,  there  are  three  or 
four  lines  of  granite  tramway.  But,  on  some  lines,  the 
interspace  is  paved  with  Dutch  clinker  bricks. 
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A  Member  of  the  Committee  of  the  Society  of  Arts  pro- 
posed a  new  form  of  tramway  and  road,  in  which  a  line  of 
asphalte  trams  is  laid  on  a  road  formed  of  hard  concrete. 
See  Fig.  55. 

The  design  for  a  concrete  road  is  based  upon  the  prin- 


Fig.  56.— Proposed  Roadway  with  Wheel-tracks  of  Asphalte. 

ciple  of  Mr.  Mitchell's  concrete  macadam,  already  noticed. 
Another  design  by  the  same  member  is  illustrated  by 
Fig.  56, 


CHAPTEE  Xn. 

WOOD  PAYEMENT. 

^'ooD-PAYiNG,  originally,  was,  like  granite-paving',  laid 
in  large  blocks,  and  without  any  width  of  joint  or  inter- 
space,— like  the  hexagonal  paving  introduced  from  Eussia, 
measuring  8  or  9  inches  across  ;  and  like  Carey's  original 
paving,  in  blocks  6  inches  wide,  and  12  inches  long,  a 
sample  of  which  remains  to  this  day  in  Bartholomew  Lane. 
But,  like  granite-paving,  wood-paving  best  answers  its 
purpose  when  it  is  restricted,  in  the  width  of  sets  or 
blocks,  to  3  inches,  3^  inches,  or  4  inches,  with  inter- 
spaces, to  afford  the  necessary  stability  for  a  minimum 
depth,  and  the  necessary  foothold  for  horses. 

Wood-paving  is,  by  almost  universal  practice,  laid  with 
the  fibre  in  a  vertical  position, —  on  end.  This  is  the 
best  position  for  wear,  for  endurance,  and  for  safety. 

According  to  the  best  experience  of  wood-paving,  it 
should  consist  of  plain  rectangular  blocks,  solidly  set  upon 
a  foundation  of  concrete,  with  water-tight  joints.  A 
wood  pavement  so  constructed  as  to  fulfil  these  conditions, 
gives  satisfaction  on  the  five  points  of  convenience,  cleans- 
ing, maintenance,  safety,  and  durability.  Unless  the 
foundation  be  rigid,  it  is  impossible  to  preserve  a  sound 
pavement ;  and  as  in  macadam,  so  in  wood-pavement,  the 
dogma  of  elastic  action  has  been  exploded  by  experience, 
for  it  was  found  that  such  a  degree  of  elasticity  as  is 
afforded  by  the  reaction  of  vertical  wood-fibre,  against 
a  vertical  pressure,  is  quite  sufficient  to  absorb  the  shock 
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of  a  horse's  hoof,  and  to  soften  the  strokes  of  loaded 
wheels. 

As  with  granite  sets,  so  with  wood  blocks,  the  gauge 
of  a  horse's  hoof  is  the  measure  of  the  proper  maximum 
width.  The  most  common  width  of  blocks  is  3  inches  ; 
but  they  are  sometimes  made  3^  inches  or  4  inches  wide. 
The  advantage  of  the  narrower  width  consists  in  this, 
that,  besides  affording  a  more  ready  foothold,  narrower 
blocks  have  more  stability  than  wider  blocks  of  the  same 
depth ;  and  that,  in  short,  the  narrower  the  block,  the 
shallower  it  may  be  made, — so  economising  material. 
Mr.  Carey's  practice  affords  an  illustration  in  point. 
His  original  blocks,  which  were  6  or  7  inches  wide,  were 
made  8  inches  and  9  inches  deep  ;  according  to  his  latest 
practice,  his  blocks  are  only  4  inches  wide,  and  they  are 
only  5  inches  or  6  inches  in  depth.  The  course  of  the 
practice  of  wood  pavement  is  strictly  analogous  to  that  of 
granite-set  pavement.  It  may  be  added,  that  the  length 
of  a  block  should  be  suitably  proportioned  to  the  width. 
A  length  of  12  inches  for  a  block  3  inches  wide,  has 
been  tried  and  found  to  be  too  much : — the  blocks  were 
subject  to  splitting  across. 

The  normal  dimensions  of  wood  blocks  in  current 
practice  are: — width,  3  inches;  depth,  6  inches;  length, 
9  inches.     These  are  in  the  proportions  of  1,  2,  and  3. 

The  next  essential  provision  is  an  interspace  of  suit- 
able width  between  the  courses  of  blocks,  to  make  a 
good  joint,  affording,  at  the  same  time,  foothold  where 
the  joints  supply  the  only  fulcrum.  The  blocks  are  set 
end  to  end  in  each  course;  and  the  width  of  interspace 
between  the  courses  varies  from  about  i  inch  to  f  inch. 
Experience  has  decided  that  the  narrower  the  interspaces 
the  better  for  the  durability  of  the  pavement. 

The  streets  of  the  City  of  London  afford  the  best  and 
most  exhaustive  available  experience  of  wood-pavements. 


CHAPTEE  Xin. 

CAEEY'S   WOOD    PAVEMENT. 

Carey's  pavement,  already  described,  page  17,  was  the 
first  durable  pavement  that  was  laid  in  tbe  City.  In  July, 
1841,  this  pavement,  of  pine  blocks,  was  laid  in  Mincing 
Lane,  and  in  October  and  November,  1842,  it  was  laid 
in  Gracechurch  Street,  covering  an  area  of  1,623  square 
yards.  The  blocks  were  from  6^  to  7^  inches  wide,  13  to 
15  inches  long,  9  inches  deep  for  Mincing  Lane,  and 
8  inches  deep  for  Grracechurch  Street.  The  foundation 
consisted  of  a  layer  of  Thames  ballast. 

The  cost  for  the  wood  pavement  of  Gracechurch  Street, 
including  a  foundation  of  ballast,  but  not  excavation,  was 
14s.  2d.  per  square  yard.  In  1844,  two  years  after  the 
pavement  was  laid,  it  was  "much  worn,"  and  there  were 
''  several  short  holes  in  various  places."  It  had  been  for 
a  considerable  time  in  a  bad  condition,  when  it  was  relaid 
in  September,  1847,  five  years  after  it  was  laid;  and  a 
portion  was  relaid  a  second  time  in  1850,  whilst  ordinary 
repairs  were  made  when  required.  In  1853,  the  paving 
was  worn  out,  having  been  down  1 1  years,  and  it  was  re- 
placed with  new  paving  of  the  same  kind,  at  a  cost  of 
12s.  %d.  per  square  yard.  The  second  pavement  was  relaid 
in  1857,  four  years  after  it  was  laid,  and  again  in  1861 ;  and 
in  June,  1865,  it  was  removed,  having  been  down  for 
11  years  and  7  months.  The  costs  of  laying  and  main- 
taining the  two  successive  pavements  were  as  foUows  • — 
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Table  No.  31. — City  of  London:— Cost  of  Capet's  Wood  Pave- 
ment IN  Gracechuhch  Street,  1842  to  1865. 


Costs. 

1st  Pavement ; 
duration  11  years. 

j 

2nd  Pavement ; 
dm-ation  1 1  ■  6  years . 

BothPave-j 

ments ; 

duralion 

22  6  years. 

per  square 
yaj'd. 

per 

square 

yardper 

year. 

per  square 
yaid. 

per 

square 

yardper 

yea.-. 

per  square 

yard  per 

year. 

First  cost,  including^ 
a  foimdation  of  S 
ballast      .         .         .J 

Relays  and  repairs 

Total  expenditure 
1  Deduct  value  as  old ) 
material  .        .        .  j 

Net  total  cost 

Add,  cost  for  gravelling 

s.      d. 

14     2 

4     0 

s.   d. 

1     3} 
0     41 

s.      d. 
12     8 
17     1| 

s.    d. 
1      1 

1     5| 

s.      d. 
1     21 
0  111 

18     2 
1     0 

17     2 

1     8 

0  1 

1  7 

29     9| 
1     0 

2     6| 
0     1 

2  n 

0     1 

28     9i 

2     6| 

2     0^ 

0   H 

Total  cost  of  the  pavem 

3nt  for  22-6  years,  1842-65     .         .22 

The  foregoing  statement  exhibits  the  cost  for  two  com- 
pletely new  wood  pavements  laid  and  worn  out  in  Gracechurch 
Street.  They  were  succeeded  by  a  third  new  pavement, 
on  the  same  system,  costing  lis.  6d.  per  square  yard,  laid 
in  1865.  This  was  taken  up,  half  worn,  in  1871,  having 
been  laid  down  6  years  ;  and  replaced  by  asphalte.  The 
cost  for  maintenance  during  that  time  was  65.  11^.  per 
square  yard,  or  Is.  l^d.  per  square  yard  per  year.  The 
cost  for  maintenance  appears  to  have  been  a  very  variable 
item  of  expenditure.  The  costs  for  the  three  successive 
pavements  are  here  brought  together  for  comparison  :  — 

Cabby's  Wood  Pavement. 
Gracechurch  Street. 


1st  pavement 
2nd  ditto    . 
3rd  ditto    . 

Totals     . 


uration. 

Cost  for  main- 

tensnce  per  square 

yeai-s. 

yard  per  year. 

e.      d. 

11 

0     4^ 

11-6 

1     5| 

6 

1      1-^ 

28-6 


0  ]1| 
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The  fluctuations  of  cost  may  not  be  readily  accounted 
for  ;  but  it  is  clear  that  the  generally  increased  traffic  was 
one  cause  of  the  greater  expenditure  on  the  second  and 
third  pavements.  The  general  total  cost  for  maintenance 
may  be  taken  at  Is.  per  square  yard  per  year. 

Carey's  pavement  was  laid  in  Mincing  Lane  in  Jul}'-, 
1841,  and  was  taken  up  and  replaced  by  pavement  of  the  same 
kind,  9  inches  deep,  in  August,  1860,  having  been  down  19 
years  and  1  month.  This  was  the  oldest  wood  pavement  then 
in  existence  in  the  Metropolis.  During  that  period  it  was 
turned  and  relaid,  and  again  relaid,  the  tops  of  the  blocks 
having  been  cut  off;  and  it  was  at  other  times  exten- 
sively repaired.  There  is  no  other  instance  in  this 
country  of  so  long  a  duration  in  a  wood  pavement  in  a 
public  thoroughfare.  The  second  pavement,  though  not 
worn  out,  was  taken  up  in  August,  1873,  to  be  replaced 
by  asphalte.  The  following  table.  No.  32,  shows  the  first 
costs  and  the  costs  for  maintenance  of  Carey's  wood 
pavement  in  Mincing  Lane  : — 


Table  No.  32. — City   of  London: — Carey's  "Wood   Pavement   in 
Mincing  Lane,  1841— 187S. 


Costs. 

1 

1st  ravement : 
diualion  19 ■!  years. 

2nd  Pavement : 
dui-ation  13  years. 

1 

Bo+hPave- 
men^s  ; 
duia'ion 

32-1  years. 

per  square 
yaid. 

per  square 
yard  per 
year,      i 

per  square 
yaid. 

per  square 

yard  per 

year. 

per  square 

yard  per 

year. 

First  cost      . 
Relays  and  repairs 

Total  expenditure 
Deduct  value  as 
old  material    . 

Net  total  cost 

8.      d. 
14     4 
13     4 

s.    d.      1 
0     9       j 
0     8-4 

s.      d. 

9     2 

22     6| 

31     8| 
1     0 

8.        d 

0  8| 

1  8i 

2  51 
0     1 

8.      d. 

0  8f 

1  ii 

27     8 
1     0 

1     5-4 
0     0-6 

1   lOi 
0     0| 

26     8 

1     4| 

30     8f 

VH 

1     9J' 

l2 
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In  Mincing  Lane,  as  in  GracediurcL.  Street,  the  cost 
for  maintenance  of  the  second  pavement  was  much  greater 
than  that  of  the  first  pavement,  and  for  the  same  reason  ; 
thus : — 


Carey's  Wood  Pavement. 
Mincing'  Lane. 

1st  pavement 
2iid  ditto   . 

Totals    . 


Duration. 

Yeai's. 

19-1 
13 

32-1 


Cost  for  main- 
tenance per  square 
yai  d  per  year. 
s.      d. 

0  8-4 

1  8f 


The  two  series  of  Carey-pavements,  in  Gracechurch 
Street  and  Mincing  Lane,  have  supplied  valuable  expe- 
rience of  wood  paving,  and  they  have,  therefore,  been 
treated  here  somewhat  in  detail.  The  following  table, 
No.  33,  is  given  by  Colonel  Haywood,  comprising  the 
general  results  of  the  duration  and  cost  of  Carey's  pave- 
ments in  the  City  : — 


Table  No.  33. — Carey's  "Wood  Pavements  in  the  City  of  London, 
CONSISTING  OF  Large  Blocks  : — Duration  and  Cost. 


Total 

First  cost 

Cost  for 

average 

Stbekt. 

Date  -when 

Duration. 

per  square 

repairs 

cost  T  er 

laid  new. 

yard. 

per  square 
yard. 

square 

yard  per 

year. 

Large  Traffic. 

Yrs.  Mon. 

8.      d. 

s.      d. 

s.      d. 

Comhill .        .  1 

May,  1855 

10     2 

12     2 

17    4i 

2  11 

July,  1865 

6     8 

11     6 

8     9| 

3     Oi 

Gracechurch 
Street .          / 

Nov.  1853 

11     7 

12     8 

17  n 

2     6| 

June,  1865 

6     0 

11     6 

6  11 

3     Of 

Lombard 

Street .        .  / 

May,  1851 

9     4 

9     6 

6     0 

1     7| 

Sop.  i860 

10    7 

20     2 

2    9 

caret's  wood  pavement. 

Table  No.  3Z— continued. 
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Cost  for 

Total 

First  cost 

repairs 

average 

Stbkets. 

Date  when 

Duration. 

per  square 

per  square 

cost  per 

laid  new. 

y^rd. 

yard. 

square 

yard  per 

year. 

Small  Traffic. 

Yrs.  Mon. 

s.      d. 

s.    d. 

s.    d. 

Lothbury         .  | 

May,  1854 
Aug.  1866 

12     3 
6     1 

12     6 
12     6 

28     4| 
3     5| 

3     4 

2     7i 

JVIincing  Lane 

July,  1841 
Aug.  1860 

19     1 
13     0 

14     4 
9     2 

13     4 
22     6| 

1  5i 

2  oi 

Bartholomew    ) 
Lane   .         .  j 

May,  1854 

12     3 

12     6 

17     5f 

2     5i 

Aug.  1866 

5     5 

12     6 

3  11^ 

3     Oi 

Cost  for  Foundations  included,  but  no  Excavation. 
is  made  for  the  value  of  old  material. 


No  deduction 


All  the  second  wood  pavements  referred  to  in  this  table 
were  removed  before  they  were  worn  out,  and  replaced 
with  asj)halte,  except  the  last.  Nearly  all  of  them  would, 
by  relay,  with  the  insertion  of  some  new  wood,  have  en- 
dured a  few  years  longer.  Taking  all  the  pavements 
together,  the  following  averages  are  deduced : — 


Averages  for 
Carey's  Pavement. 

Streets  of  large  traffic 

•■streets  of  small  traffic 


Duration  of  Total  cost 

Pavements.)        per  square  yard 
Years.  per  year. 


Total 


averages 


9-05 
11-33 


10-19 


2s.  7^d. 
2s.  4id. 

2s.  6d. 


It  may  be  added  that  Carey's  paving  in  Bartholomew 
Lane  has  recently  (February,  1877)  been  extensively  re- 
newed. It  was  newly  laid  in  August,  1866,  and  the 
original  paving,  in  its  entirety,  has  thus  lasted  10^  years. 

As  just  now  mentioned,  Carey's  recent  wood  pavement 
consists  of  wood  blocks,  4  inches  wide,  and  5  inches  or 
6  inches  deep,  according  to  the  traffic  of  the  street,  and 
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9  inclies  long.  The  ends  only  of  tlie  blocks  are  formed 
on  Mr.  Carey's  original  model,  Fig.  11,  with,  double- 
bevelled  surfaces,  salient  and  re-entering  to  the  extent 
of  5-16  or  I  inch,  which  come  together  for  the  purpose 
of  preventing  the  shifting  of  the  blocks,  and  of  distribut- 
ing the  pressure  on  one  block  over  the  contiguous  blocks. 
The  paving  is  placed  on  a  bed  of  ballast  or  sand,  2  inches 
deep,  laid  on  the  old  bed  of  the  street ;  and  the  joints, 
f  inch  wide,  are  grouted  with  lime  and  sand.  It  is 
needless  to  remark  that  this  pavement  can  only  endure 
when  it  is  laid  on  a  previously  existing  foundation ;  other- 
wise, if  laid  with  2  inches  of  sand  on  a  loose  excavated 
bottom,  it  cannot  be  durable. 


CHAPTEE  XIV. 

niPROVED    WOOD    PAVEMENT. 

This  pavement  was  introduced  from  the  United  States, 
where  it  has  been  known  as  the  Nicolson  pavement.  It 
has  abeady  been  noticed,  page  14.  The  first  piece  was 
laid,  in  1871,  in  the  City  of  London  ;  but  the  practice  of 
the  proprietors  of  this  pavement  has,  since  that  time,  been 
considerably  modified.  Their  practice  has  been,  after 
excavating  to  the  profile  and  section  of  the  street,  to  lay  a 
bed  of  sand,  fine  mortar  stuff,  or  diy  earth,  4  inches  deep, 
on  the  bottom.  On  this  bed,  two  layers  of  1-inch  deal 
boards,  previously  dipped  in  boiling  tar,  were  close-laid 
transversely  and  longitudinally.  On  these  boards,  wood 
blocks,  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
also  dipped  in  tar,  were  placed  in  transverse  courses,  the 
heading  joints  abutting,  whilst  the  courses  were  inter- 
spaced by  |-inch  fillets  of  wood  nailed  to  the  floor,  and 
through  the  blocks.  The  f-inch  joints  were  made  tight 
by  a  boiling  mixture  of  tar  and  pitch  poured  into  the 
spaces  to  a  depth  of  an  inch  or  two.  The  spaces  were 
then  fiUed  up  with  dry  ballast,  which  was  rammed  down 
by  means  of  a  flat  caulking  iron  made  for  the  purjjose  ; 
and  filled  up  with  the  tar  mixture.  The  surface  was 
then  strewed  lightly  with  small  gravel,  over  which  boil- 
ing tar  was  scattered  from  a  pail  fitted  with  a  flat- 
nozzled  spout.  Finally  a  sprinkling  of  sand  was  thrown 
over  the  surface.  The  gravel  and  tar  coating  was  worked 
into  the  suriace  by  the  wheels  of  trafiic.     Spaces,  I  inch 
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wide,  were  left  between  tlie  lieads  of  the  blocks  in  each 
course,  and  grouted. 

The  tar  and  pitch  mixture,  in  the  proportion  of  30 
gallons  of  tar  and  4  cwt.  of  pitch,  were  boiled  together 
in  an  iron  kettle,  for  at  least  four  hours,  until  they  ac- 
quired such  a  consistency  that,  when  cold,  the  compound 
should  become  elastic  and  tough.  "When  not  suiiiciently 
boiled,  the  mixture  became  brittle  when  it  cooled,  and 
was  broken  up  by  wheels  and  feet.  The  object  of  the 
elastic  binding  was  to  form  a  surface  which  should  con- 
tinue water-tight,  as  had  long  been  effected  by  the  same 
means  in  the  granite  pavements  of  Manchester. 

The  principal  advantage  claimed  for  this  system  was, 
that  the  flooring  of  planks  formed  an  elastic  foundation, 
and  distributed  the  weight  applied  on  one  block  over  a 
large  surface,  whilst  the  additional  elastic  action  mini- 
mised the  wear  of  the  blocks.  There  was  an  inconsis- 
tency in  the  principle  of  the  construction,  for  it  was 
presumed  that  the  bed  of  sand  would  solidly  support  the 
flooring,  at  the  same  time  that  the  flooring  was  expected  to 
yield  elastically  under  pressure.  Again,  so  soon  as  leak- 
age, even  to  the  slightest  extent,  commenced,  by  which 
surface-water  was  allowed  to  penetrate  downwards  be- 
tween the  paving  blocks,  there  was  nothing  to  prevent  its 
reaching  to  and  saturating  the  substratum  of  sand;  since 
the  boards,  although  close-laid,  were  not  tongued,  and  the 
water  could  pass  through  them  with  comparative  freedom. 
The  saturated  substratum  became  mobile,  and  subject  to 
movement  under  variations  of  pressure.  Consequently, 
when  a  load  passed  over  the  surface,  the  boards,  opposing 
an  inconsiderable  resistance  to  deflection,  were  pressed 
downwards  by  tlie  load,  into  tho  quicksand,  and  they  re- 
covered their  normal  position  when  the  load  passed  away. 
In  this  manner,  a  pumping  action  was  set  up,  and  the  sand 
and  water,  mixed  with  other  loose  matter  at  the  bottom. 
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was  pumped  up  to  the  surface  in  the  form  of  mud  and 
slime.  Thus  the  pavement  became  gradually  undermined, 
and  the  undermining  process  was  accelerated  by  the  form 
of  the  pavement  itself,  which  presented  a  continuous  dia- 
phragm under  which  the  exhausting  process  was  extended, 
as  by  a  diaphragm-pump.  It  is  scarcely  necessary  to  add, 
that  the  wetter  the  weather,  the  greater  was  the  action  of 
undermining. 

But,  in  addition  to  the  general  liability  to  leakage  of 
water  through  the  pavement,  there  is  a  special  difficulty 
in  keeping  it  watertight  at  the  kerbs,  where  it  is  compara- 
tively overhung  and  unsu|)ported,  and  where  there  is,  at 
the  same  time,  a  constant  supply  of  water  for  penetration, 
so  long  as  there  is  any  water  in  the  channels. 

A  serious  consequence  of  the  flexibility  of  the  pavement 
is  the  numerous  breakages  of  the  blocks  by  splitting,  caused 
by  the  unequal  stress  and  leverage  of  the  load  on  blocks 
which  are  supported  by  a  floor  partly  non-resisting  and 
partly  resisting. 

A  small  sample  of  the  Improved  Wood  Pavement,  468 
square  yards,  was  laid  in  Bartholomew  Lane,  in  the  City 
of  London,  in  December,  1871.  This  is  a  short  street  of 
very  little  and  light  traffic.  This  pavement,  which  was  the 
first  of  its  kind  laid  in  London,  continues  now  (1877)  in 
fair  condition,  but  many  of  the  joints  are  open. 

The  enduring  power  of  the  pavement  has  also  been 
tested  in  thoroughfares  of  heavy  traffic.  In  August,  1872, 
and  January,  1873,  an  area  of  6,066  square  yards  was  laid, 
with  4-inch  blocks,  in  King  William  Street  and  Adelaide 
Place,  on  the  approach  to  London  Bridge,  from  the  Statue. 
In  the  course  of  the  following  three  years,  the  foundation 
was  rather  extensively  undermined,  by  the  causes  which 
have  already  been  described, — particularly  near  the  kerb 
on  one  side ; — so  much  so  as  to  cause  the  pavement  to  be 
deflected  in  many  places  to  the  extent  of  an  inch  under 
.  L  3 
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the  wlieels  of  passing  vehicles,  whilst  the  mud  was  seen 
bubbling-  up  from  below.  The  pavement  was  lifted  about 
the  month  of  January,  1876;  and  it  was  found  that  the 
substratum  of  sand  had  been  partially  washed  away,  and 
that,  in  the  lines  of  regular  traffic,  the  blocks  had  lost 
about  f  inch  in  height,  on  an  average,  by  vertical  wear. 
The  pavement  was  renewed  on  the  same  system. 

The  Improved  Wood  Pavement  which  was  laid,  in 
November,  1874,  in  Bishopsgate  Street  Without,  in  the  City 
of  London,  is  a  more  recent  instance  of  the  undermining 
influences  set  up  under  the  action  of  heavy  traffic,  brought 
to  a  head  during  the  past  winter  (1876-77),  which  has 
been  a  season  of  unusually  heavy  and  continuous  rain. 
The  pavement,  though  it  had  not  (in  February,  1877)  been 
down  2j  years,  had  already  been  extensively  undermined, 
and  it  was  observed  to  be  subject  to  deflection  to  the 
extent  of  half  an  inch,  at  some  places,  under  passing 
wheels.  At  tiie  same  time,  the  collateral  symptom  of  mud 
working  up  through  the  joints,  became  manifest. 

The  obvious  remedy  for  the  pumping  action  through  the 
pavement  is  to  lay  a  rigid  foundation  under  the  pavement. 
The  flooring,  to  be  stiff  enough,  would  require  to  be  con- 
structed of  two  layers  of  3-inch  battens.  But  a  less  costly 
method  of  providing  rigidity  has  been  adopted  in  the  con- 
struction of  the  new  pavement  now  being  laid  to  replace 
the  defective  pavement  above  referred  to,  which  has 
been  taken  up.  There  is  a  thin  bed  of  concrete,  upon 
which  a  single  layer  of  1-inch  boards  is  laid,  and  the 
blocks,  3^  inches  wide,  are  laid,  as  before,  upon  the  board- 
ing. The  joints  between  the  courses  of  the  blocks  are 
only  T^e  inch  wide  ;  they  are  filled  for  half  the  depth  with 
an  artificial  asphalte,  consisting  of  chalk,  pitch,  and  copI- 
tar,  boiled  together,  and  are  filled  to  the  top  with  a  grout- 
ing of  gravel  and  blue  lias  lime.    It  may  be  added  that,  for 

width  of  1 8  inches  at  each  side  of  the  roadway,  at  the 
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channels,  tlie  boards  are  not  laid,  but  their  place  is  occu- 
pied by  an  additional  depth  of  concrete,  to  afford  a  rigid 
support,  so  as  to  resist  deflection,  and  the  entrance  of 
water  at  the  edges. 

The  carriage-way  of  Ludgate  Hill  was  paved  on  the 
original  system  of  the  Improved  Wood  Company  in 
November,  1873.  The  pavement  has  been  worn  into 
bumps  and  hollows,  and  is  about  to  be  entirely  renewed. 
It  has  been  proposed  to  renew  the  pavement  by  laying 
the  wood  blocks  on  a  foundation  of  concrete  6  inches  thick, 
with  a  2-inch  bed  of  sand  interveninp". 


CHAPTEE  XY. 
OTHER  WOOD  PAVEMENTS. 

Ligno-Mineral  Pavement. — This  pavement,  known  also  as 
Trenaunay's  system,  was  imported  from  France.  It  was 
the  first  system  of  wood  pavement  that  was  provided  with 
a  hard  concrete  foundation,  and  moulded  exactly  to  the 
required  curve  of  the  road.  The  concrete  is  laid  with 
cement  or  blue  lias  lime,  and  besides  supplying  a  firm 
foundation,  it  closes  the  surface  against  underground  exha- 
lations. Blocks  of  hard  wood, — oak,  elm,  beech,  or  ash, — 
are  laid  on  the  concrete ;  their  upper  and  lower  surfaces 
are  cut  at  an  oblique  angle,  of  about  60°,  to  the  grain,  in 
order  that  the  fibre  may  be  presented  obliquely  to  the 
wearing  surface,  and  that  each  block  may  be  partially 
supported  by  the  next  block  in  the  course  upon  which  it 
leans.  The  courses  are  laid  transversely,  and  the  inclina- 
tion of  the  blocks  is  alternately  to  the  right  and  to  the  left 
in  the  successive  courses.  The  upper  edges  of  the  blocks 
are  chamfered.  A  groove  is  cut  horizontally  along  the 
Bides  of  the  blocks,  near  to  the  base,  which  is  filled  with 
the  asphaltic  mastic  used  for  jointing — so  forming  an  addi- 
tional tie.  The  joints  are  only  partially  filled  with  mastic, 
and  they  are  filled  up  with  a  grouting  of  lime  and  sand. 

The  blocks  are  previously  subjected  to  a  process  called 
mineralisation :  they  are  placed  in  drying  chambers  heated 
with  steam-coils,  and  exposed  to  a  continuous  current  of 
air.  When  dried,  the  blocks  are  withdrawn,  and  plunged 
into  tanks  containing  the  mineral  oils,  consisting  of  hydro- 
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carburets ;  they  quickly  absorb  the  oils,  with  which,  it  is 
said,  the  wood  becomes  saturated,  and  are  so  rendered 
tougher  and  more  durable. 

Though  the  employment  of  hard  woods  is  a  specialty  of 
this  process,  mineralised  firs  also  are  used,  and  they  are 
placed  upright,  with  vertical  fibres.  But  it  is  claimed 
that,  in  hard  wood,  a  less  depth  of  block  suffices  than  in 
soft  wood,  and  that  thus  the  costs  for  the  two  classes  of 
wood  are  equalised. 

The  first  piece  of  this  pavement  laid  in  the  City  of 
London,  was  laid  in  Gracechurch  Street,  near  Talbot  Court, 
in  August,  1872.  On  a  bed  of  concrete,  4  inches  thick, 
mineralised  elm  blocks  were  laid,  bedded  in  Portland 
cement.  The  blocks  were  3^  inches  wide,  7^  inches  long, 
and  only  4^-  inches  deep.  The  joints  were  partially  filled 
with  heated  mastic,  and  filled  up  with  a  grouting  of  lime 
and  sand.  The  pavement  was  relaid  in  1875,  after  having 
lain  three  years,  and  a  portion  of  it  was  replaced  with 
new  blocks. 

The  next  piece  of  paving  was  laid,  in  1874,  in  Fore 
Street,  which  is  entirely  paved  on  this  system.  On  a  con- 
crete bed  of  blue  lias  lime,  6  inches  thick,  hard-wood 
blocks  were  placed,  3^  inches  wide,  7^  inches  long,  and 
4^  inches  deep.  The  wood  used  for  nearly  the  whole  of 
the  surface  was  beech ;  supplemented  by  blocks  of  oak 
and  of  eim.  The  lines  of  channel  are  formed  throughout 
of  elm  blocks. 

Lastly,  Coleman  Street  was,  in  1875,  paved  with  vertical 
blocks  of  mineralised  fir,  3  inches  wide,  9  inches  long,  and 
6  inches  deej),  with  f-inch  joints ;  on  a  concrete  founda- 
tion 6  inches  deep. 

Asphaltic  Wood  Pavement.  —  On  this  system,  originally 
patented  by  Copland,  a  solid  concrete  foundation, 
6  inches  thick,  is  laid  to  the  curvature  of  the  road; 
it  is  composed  of  blue-lias  lime  and  ballast,  in  the  proper- 
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tion  of  1  to  5  or  6.  Upon  this  foundation,  a  coat  of 
mastic  asphalte,  |-incli  or  l-inch.  thick,  is  laid,  as  a  bedding 
for  the  wood  blocks.  The  blocks  are  3  inches  wide,  6  inches 
deep,  and  9  inches  long,  of  Baltic  fir,  laid  in  transverse 
courses,  butt-jointed,  with  -re-inch  interspaces.  The  inter- 
spaces or  joints  are  run  up  with  melted  asphalte  to  a  depth 
of  about  li^-inches.  The  correct  interspacing  of  the  courses 
is  ensured  by  placing  long  strips  of  wood  i^-inch  thick, 
against  each  course  as  it  is  laid.  The  asphalte,  when 
poured,  remains  for  two  or  three  minutes  in  a  fluid  con- 
dition, and  it  partially  re-melts  the  coating  on  which  it 
rests,  and  unites  with  it,  whilst  it  adheres  firmly  to  the 
blocks.  The  whole  structure  thus  becomes  solidified  as 
one  mass,  and  the  joints  are  filled  up  with  a  grouting  of 
sand  and  hydraulic  lime.  The  grouting  serves  as  a  non- 
conductor of  heat,  and  fixes  the  grit  and  gravel  which  it  is 
usual  to  strew  over  a  newly -laid  wood  paving,  for  the  pur- 
pose of  indurating  the  surface  of  the  wood. 

The  first  piece  of  Copland's  pavement  in  London  was 
laid  at  the  east  end  of  Cannon  Street,  in  1874,  on  a  concrete 
foundation,  9  inches  thick,  made  with  Portland  cement ;  a 
layer  of  mastic  asphalte,  i  -inch  thick,  was  spread  over  the 
concrete,  and  carried  the  wooden  blocks,  which  were  of 
soft  wood,  and  had  been  steeped  in  tar.  The  blocks  were 
laid  in  courses  across  the  street,  with  f-inch  joints  between 
the  courses.  Each  block  had  two  holes  ii-inch  in  diameter, 
and  f-inch  deep,  bored  in  each  side  ;  and  when  the  joints 
were  filled  to  half  their  depth  with  ''liquid  asphalte,"  the 
asphalte  of  course  occupied  the  holes.  The  upper  part  of 
the  joint  was  then  rammed  with  screened  gravel,  and 
grouted  with  tar  and  asphalte,  and  the  pavement  covered 
with  screened  gravel  and  sand. 

The  lateral  holes  have  not,  in  later  pavements  on  this 
system,  been  made  in  the  blocks.  It  was  found,  no  doubt, 
that  they  were  an  entirely  useless  refinement. 
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The  asplialtic  wood  pavement  appears  to  have  answered 
well.  In  Bristol,  it  has  been  laid  for  upwards  of  two 
years,  in  Broad  Street  and  at  the  Exchange,  and  Mr.  F. 
Ashmead,  the  Engineer,  reports  that  it  is  wearing  well. 
He  maintains  that  the  principal  advantage  of  the  j)ave- 
ment  is  ''its  imperviousness  to  water."  It  is  stated  that, 
on  lifting  a  portion  of  this  pavement  after  having  been 
down  two  years,  the  foundation  was  found  to  be  as  dry  as 
when  the  pavement  was  laid. 

Harrison's  Wood  Pavement. — This  pavement  is  analogous 
to  the  Asphaltic  Wood  Pavement.  Upon  a  concrete  founda- 
tion, it  is  proposed  to  place  strips  of  wood,  2  inches  wide 
by  |-inch  in  thickness.  Upon  these,  3-inch  wood  blocks 
are  to  be  placed,  and  heated  asphalte  is  to  be  poured  into 
the  joints,  penetrating  under  and  adhering  firmly  to  the 
blocks.  On  this  system,  an  under  coating  of  asphalte 
would  be  formed  in  sections  by  the  successive  pourings 
into  the  joints,  instead  of  in  large  sheets  as  formed  by  the 
Asphaltic  Wood  Comjiany.  This  system  does  not  recom- 
mend itself.  The  multiplication  of  attachments  by  pieces 
of  wood  is  objectionable. 

Henson^s  Wood  Pavement. — On  a  solid  substratum  of  blue 
lias  lime  concrete,  6  inches  thick,  covered  by  a  2-inch 
layer  of  cement-concrete  of  a  finer  quality,  a  coat  of  ordinary 
roofing  felt  is  spread ; — the  felt  having  been  previously 
saturated  with  a  hot  asphaltic  composition  of  distilled  tar 
and  mineral  pitch.  On  this  felt,  as  on  a  carpet,  cushiony 
and  impervious  to  moisture,  blocks  of  Swedish  yellow  deal, 
containing  resin  sufficient  for  preservation,  are  laid.  The 
blocks  are  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
are  placed  with  the  grain  upright,  and  laid  closely  to- 
gether end  to  end,  in  rows  across  the  street.  The  rows 
are  also  driven  together  and  close-jointed  with  a  strip  of 
saturated  felt  in  each  joint.  The  width  of  the  interspaces 
is  thus  reduced  to  the  simple  thickness  of  the  felting,  and 
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does  not  exceed,  if  it  even  amounts  to,  a  quarter  of  an  inch. 
At  intervals  of  every  three  or  four  rows,  a  row  of  blocks 
grooved  along  the  middle  is  laid,  to  aid  in  giving  foot- 
hold. The  surface  is  dressed  with  a  hot  bituminous  com- 
pound and  fine  clean  grit. 

This  pavement  was  laid  in  Oxford  Street  in  two  lengths, 
between  Princes  Street  and  Marylebone  Lane,  and  be- 
tween Hereford  Gardens  and  Edgware  Eoad;  and  was 
opened  for  traffic  in  December,  1875.  For  the  18  months 
(to  June,  1877)  during  which  this  pavement  has  been  open, 
it  has,  according  to  the  report  of  Mr.  H.  T.  Tomkins,  the 
Surveyor,  given  very  great  satisfaction,  and  it  continues 
in  excellent  condition.  A  piece  of  Henson's  wood  j)ave- 
ment  was  laid  in  Leadenhall  Street,  in  the  City  of  London, 
in  August,  1876. 

Norton^ s  Wood  Pavement. — This  pavement  was  evidently 
designed  as  a  compromise,  to  do  away  with  a  foundation 
of  concrete,  whilst  securing  the  advantage  of  a  firm  base. 
A  thin  bed  of  ballast  is  laid  on  the  subsoil,  and  brought  to 
the  profile  of  the  street,  to  receive  the  pavement.  The  pave- 
ment consists  of  slabs  or  structures,  7  feet  long,  and  3  feet 
wide,  composed  of  blocks  of  yellow  Baltic  timber,  3  inches 
wide,  6  inches  deep,  and  7  inches  long,  fi_xed  to  a  backing 
of  2-inch  boards,  with  a  strong  bituminous  cement.  The 
joints  are  run  with  the  same  material.  Between  the  slabs, 
the  joints,  f-inch  wide,  are  filled  with  powdered  rock 
asphalte,  in  a  heated  state,  well  rammed  and  levelled  to 
the  surface  of  the  blocks.  A  small  piece  of  paving  on  this 
system  was  laid  at  the  east  end  of  Cannon  Street,  in  1874. 
It  has  been  occasionally  under  repair,  and  is  now  (Feb- 
ruary 1877)  in  bad  condition: — bumpy,  and  depressed  at 
the  edges  of  the  slabs. 

Moivleni's  Wood  Pavement. — This  pavement  reverts  to  the 
simple  type  of  wood  pavement,  formed  of  fir  blocks, 
3  inches  wide,  6  or  7  inches  deep,  and  9  inches  long,  with 


OTHER   WOOD   PAVEMENTS-  2^5 -3 

joints,  transversely,  ^-incli  wide,  filled  with  a  grouting  of 
blue  lias  lime  and  sand.  It  is  laid  on  a  foundation  of 
concrete  made  witli  Portland  cement,  6  inclies  thick.  The 
earliest  piece  of  Mowlem's  paving  was  laid  in  Duke  Street, 
Smithfield,  in  June,  1873.  A  small  piece  was  laid  at  the 
east  end  of  Cannon  Street,  in  September,  1873,  Portions 
of  the  blocks  were  creosoted. 

Stoneh  Wood  Pavement. — A  concrete  foundation  is  formed, 
compressed  by  machinery.  Grooves,  f-inch  deep,  and 
3  inches  apart,  are  cut  by  machinery  in  the  surface  of  the 
concrete.  Wood  blocks,  3  inches  wide,  5  inches  deep,  and 
6  inches  long,  are  placed  on  the  concrete,  being  shaped  to 
fit  into  the  grooves.  The  blocks  are  in  transverse  courses, 
with  1 1 -inch  joints,  which  are  filled  with  gravel,  and  run 
with  heated  tar.  A  specimen  was  laid  in  King  William 
Street,  near  to  Clement's  Lane,  in  July,  1873.  Having 
been  completely  worn  out  by  the  trafiic,  it  was  taken 
up  and  replaced  by  the  Improved  Wood  Pavement,  in 
October,  1876.  This  new  pavement  was  constructed  with 
one  layer  of  boarding  on  concrete  and  sand. 

GahrieVs  Wood  Pavement. — Wood  blocks,  3  inches  wide, 
6  inches  deep,  and  from  7  to  11  inches  long,  are  placed, 
with  the  intervention  of  a  little  sand,  on  a  foundation  of 
concrete,  composed  of  Thames  ballast  and  Portland  cement 
or  ground  lias  lime,  of  from  6  to  9  inches  in  thickness. 
Two  small  fillets  are  secured  to  one  side  of  each  block,  so 
as  to  keep  the  blocks  steady  during  the  process  of  grout- 
ing. The  joints  are  filled  with  a  grout  of  lime  and  sand, 
and  the  whole  surface  of  the  pavement  is  covered  with  a 
layer  of  hoggin  and  sand.  The  eastern  and  the  greater 
part  of  the  south  side  of  St.  Paul's  Churchyard  were  laid 
with  this  pavement  in  1875. 

Wilson's  Wood  Pavement. — This  pavement  is  formed  of 
blocks  3  inches  wide,  6  inches  deep,  8  inches  long,  laid 
on  a  foundation   of  blue  lias  concrete  6  inches  deep,  on 
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whicli  a  i-mcli  layer  of  sand  is  spread,  to  bed  the  "blocts. 
Two  small  fillets  are  secured  by  brads  on  the  side  of  each 
block,  so  as  to  keep  the  blocks  steady  until  the  process  of 
grouting  is  completed.  The  grouting  for  the  joints  con- 
sists of  blue  lias  lime  and  sand.  A  piece  of  this  pave- 
ment, 419  square  yards  in  extent,  was  laid  in  Petter  Lane, 
in  October,  1876. 

Table  No.  34. — City  of  London  : — Wood  Pavements. 


1 

1 
iDate  when  the 

Situation. 

Name  of  Wood 
Pavement. 

Length. 

Area. 

paving  was 
completed. 

Yards. 

Sq.  yds. 

Bartholomew  Lane . 

Carey's  Wood 

40 

468 

Jan.  1872 

Birchin  Lane  . 

if 

28 

77 

June,  1866 

Jewry  Street   . 

» 

42 

253 

Feb. 1872 

Little  (^eorge  Street 

n 

24 

148 

Feb.  1872 

Cannon  Street 

» 

— 

9,051 

Sept.  1874 

Houn(isditch,N.W.  ) 
half    .         .         .  ) 

>» 

— 

1,826 

May,  1874 

Barbican,  a  third  part 

»» 

— 

800 

Oct.  1875 

Bartholomew  Lane  . 

Improved  Wood 

48 

392 

Dec.  1871 

Great  Tower  Street  ( 
and  Seething  Lane  1 

It 

76 

448 

Aug.  1873 

King  WilUam  St.,^ 
between      Grace- 

church  Street  and  > 

$t 

311 

6,066 

Jan.  1876 

Cannon  Street,and 

Adelaide  Place     .J 

LudgateHiU  . 

)) 

266 

2,639 

Nov.  1873 

Aldersgate  Street,&c. 

»> 

— 

6,884 

Sept.  1874 

Barbican,  a  third  part 

}) 

— 

606 

Nov.  1875 

St.  Mary  Axe,  &c.  . 

» 

— 

1,662 

July,  1875 

Eishopsgate  Street  \ 
Without         .        j 

» 

— 

■— 

Feb.  1877 

GracechurchStreet,  | 
near  Talbot  Court  / 

Ligno-lMineral 

27 

440 

Aug.  1872 

Fore  Street      . 

}i 

— 

3,822 

Dec.  1874 

Coleman  Street 

» 

-~- 

2,291 

June,  1875 
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Table  No.  34 — continued. 


Situation. 

Name  of  Wood 
Pavement. 

j 
Length. 

Area. 

Date  when  the 
paving  was 
completed. 

Duke  St.,  Smithfield 

Houndsditch,    S.E.  ) 

half        .         .         j 

Wormwood  St.,  &c. 

Mowlem's  Wood 

Yards. 
134 

Sq.  yds. 
676 

1,832 

689 

June,  1873 
May,  1874 
June,  1875 

Cannon  Street,  sam-  \ 
pie  at  east  end      ,  j 
Barbican,  a  third  part 
St.  Bride  Street 
Queen  Street  . 

Asphaltic  Wood 

— 

299 

785 
1,774 
2,169 

July,  1874 

Oct.  1875 
Nov.  1876 
July,  1876 

Cannon  Street,  sam-  | 
pie  at  east  end      .  > 

St.  Paul's  Church- 
yard, east  end  and 
part  of  south  side  ) 

Norton's  Wood 
Gabriel's  Wood 

4,907 

1874 
Jan.  1876 

In  the  Appendix  is  given  a  table  by  Colonel  Haywood, 
sliowing  the  condition  of  the  wood  pavements  in  the  City 
of  London,  as  existing  on  the  1st  February,  1877. 


CHAPTEE  XYI. 

COST  AND  WEAE,  OF  WOOD  PAVEMENTS. 

Cost. — The  first  cost  of  wood  pavements  in  the  City  of 
London,  including  foundation,  but  not  excavation,  haa 
been  as  follows : — 


Improved  Wood. 

Laid. 

First  cost 

King  William  Street      . 

1873 

18s.  Od.  per  square  yard 

Ludgate  Hill . 

1873 

18s.  Od. 

j> 

» 

Great     Tower     Street     a 

nd 

Seething  Lane 

1873 

16s.  Od. 

» 

» 

Bartholomew  Lane 

1871 

16s.  Od. 

» 

» 

Carey's  Wood. 

Bartholomew  Lane 

1872 

12s.  6d. 

» 

jj 

Houndsditch  . 

1874 

13s.  6d. 

>j 

)> 

Mowlem's  Wood. 

Duke  Street    . 

1873 

15s.  3d. 

>> 

>> 

Houndsditch  . 

1874 

17s.  Od. 

»> 

>» 

The  Asphaltic  Wood  Pavement  has  been  laid  in  Bristol 
for  14s.  Qd.  per  square  yard. 

With  regard  to  the  cost  for  maintenance  of  wood  paving, 
the  Improved  Wood  Company  contracted  to  maintain  the 
pavements  of  King  William  Street  and  of  Ludgate  Hill, 
1  year  free,  and  15  years  at  \s.  6d.  per  square  yard  per 
year;  and  the  pavements  of  Great  Tower  Street  and  Seething 
Lane,  1  year  free,  and  15  years  at  Is.  3d.  per  square  yard. 
These  terms  atb  equivalent  to  a  total  cost  per  square  yard 
per  year  for  16  years,  of  2s.  G^d.  for  the  first  and  second 
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streets,  and  2s.  2d.  for  the  third.  But  in  King  William 
Street,  the  pavement  was  renewed  three  years  after  it  was 
first  laid ;  so  that  the  actual  total  cost  must  be  something 
considerably  greater  than  the  contract  cost. 

The  Asphaltic  Wood  Paving  Company  maintain  the 
Bristol  pavement  for  Is.  per  square  yard  per  year  for  1 0 
years  ;  equivalent  to  a  total  cost  for  this  period  of  2*.  b^d. 
per  square  yard  per  year. 

Messrs.  Mowlem  and  Co.  maintain  the  pavement  of 
Duke  Street  for  2  years  free,  and  3  years  at  Is.  per  square 
yard  per  year.  Also,  the  Houndsditch  pavement,  for 
2  years  free,  and  5  years  at  9d.  per  square  yard  per  year. 

Mr.  Carey  maintains  the  Houndsditch  pavement,  for 
2  years  free,  and  5  years  at  Is.  per  square  yard  per  year. 

Mr.  G-.  J.  Crosbie  Dawson*  gives  the  cost  of  the  Ligno- 
Mineral  Pavement  as  follows : — 

Per  square  yard, 
14s.     6d. 

Os.     8d. 
Us.     6d. 

Os.  lOd. 

5s.    Od. 


Hard  wood,  including  concrete  fotindation 
Maintenance  for  10  years,  after  the  first  2  years 
Yellow  deal,  including  concrete  foundation 
Maintenance  for  10  years,  after  the  first  2  years 
Footways,  including  foundations 


The  price  of  Mr.  Henson's  pavement,  as  laid  in  Oxford 
Street,  is  12s.  per  square  yard,  if  only  2  inches  of  Port- 
land cement  concrete  is  required;  and  14s.  if  with  6  inches 
of  the  same  concrete. 

Mr.  Ellice- Clark  gave,  in  1876,  the  cost  for  various 
pavements,  if  laid  in  Derby,  from  which  the  following 
particulars  are  deduced  :— 

Total  in 
First  cost       Period  of  Cost  annual  cost 

AsPHALTES.— Derby.  per  sq.  yard,  maintenance,     per  year.  per  year. 

Limmer       .         .         .     16s.  Od.         13  yrs.         Os.  7d.  Is.    9fd. 

Val  de  Travers,  with 

iron  studs     .         .     17s.  6d.  —  —  — 

*  "  Street  Pavements,"  in  the  Journal  of  the  Liverpool  Folytechnie 
Society.     1876. 
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"Wood. 

Carey  . 

.     14s.  9d. 

10  yrs. 

Is. 

5d. 

2s. 

lOid. 

Asphaltic  Wood  . 

.     14s.  3d. 

13    „ 

Os. 

7d. 

Is. 

8id. 

Ligno-Mineral  :— 

Yellow  deal . 

.     lis.  6d. 

17  yrs. 

Is. 

IH. 

Is. 

9|d. 

Hard  wood  . 

.     14s.  6d. 

17    „ 

Os. 

5id. 

Is. 

3id. 

Improved  wood  . 

.     15s.  Od. 

16    „ 

Os. 

9id. 

Is. 

S^d. 

Gkanite     , 

.     13s.  Od. 

28    „ 

Os. 

3id. 

Os. 

8|d. 

In  these  estimates  for  Derby,  except  those  for  Carey's 
Wood,  and  the  Improved  "Wood,  the  cost  for  a  foundation 
of  concrete  is  included,  but  no  excavation. 

That  wood  pavement,  properly  seasoned  and  properly 
laid,  with  watertight  joints,  whether  lime -grouted  or 
asphalted,  may  last  for  many  years  without  suffering 
decomposition,  has  been  amply  demonstrated  by  the  expe- 
rience of  Carey's  pavements  in  the  City  of  London,  which 
were  laid  in  1841.  In  New  York,  it  appears,  the  average 
duration  of  wood  pavement  is  only  four  years,  for  *' it  is 
estimated  that  the  wood  pavements  become  worn  out  and 
useless  at  the  rate  of  25  per  cent,  per  annum."  The  failure 
arises,  not  from  simple  wear,  but  from  decay;  and  ''the 
process  of  disintegration  is  much  accelerated  by  the  con- 
stant wear  and  pressure  from  the  wheels  of  vehicles,  and 
by  the  sudden  changes  of  temperature  which  characterise 
our  climate."*  But  the  information  is  not  of  that  pre- 
cise character  which  would  make  it  of  use  for  comparison 
in  England.  It  has,  indeed,  been  averred  that  the  wood 
was  unsound  when  it  was  laid. 

Wear. — In  the  City  of  London,  the  abrasive  wear  of  wood 
pavement  in  the  lines  of  traffic  has  been  recently  ascer- 
tained, in  a  few  instances,  by  direct  measurement,  by  the 
writer  and  others,  to  be  approximately  as  follows : — 


*  Communications  from  the  municipal  authorities  of  New  York  and 
Paris  on  the  "  Results  of  their  Experience  of  Wood  Pavements  in 
tJiose  Cities."     1876. 
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Time 

Vertical  Wear. 

"Wood  Pavement. 

down. 

Total. 

Per  year. 

1. 

Adelaide  Place, 

London  Bridge 

Improved 

Wood  Co. 

3  JT8. 

lincli 

•29  inch 

2. 

Bishopsgate  St. 

Without 

do. 

do. 

2L, 

1    ,, 

30    „ 

S. 

Tower  Hill       . 

Carey's  . 

,         , 

5    „ 

3^    „ 

70    „ 

4. 

Bartholome\^ 

Lane 

do.     . 

,         , 

5    „ 

1    . 

•15    „ 

5. 

Cannon  St. 

do.    . 

. 

^,> 

1    » 

•30    „ 

The  amounts  of  wear  in  the  first,  second,  and  fifth  in- 
stances are  practically  the  same,  namely,  '30  inch  per  year. 
The  widths  and  the  daily  traffics  at  the  places  where  the 
measurements  were  made,  may  be  taken,  for  the  first  in- 
stance, at  41  feet  and  16,000  vehicles  in  12  hours  ;  and  for 
the  second  instance,  22  feet  and  8,000  vehicles.  For  the 
fifth  instance,  in  Cannon  Street,  the  measurement  was  made 
just  opposite  Mansion-House  Station,  where  there  is  much 
cross  traffic.  The  normal  traffic  is  upwards  of  6, 000  vehicles, 
and  it  may  be  taken  as  double,  or  12,000  vehicles,  at  this 
spot,  with  a  width  of  36  feet.  The  comparison,  then,  stands 
thus — 


Width 
of  street. 

1.  Adelaide  Place  .     41  ft. 

2.  Bishopsgate   St. 

Without  .         .     22  ft. 
5.  Cannon  Street  .     36  ft. 


Traffic  per  day. 
16,000  vehicles,  or  390  vehicles  per  ft.  wide 


8,000 
12,000 


or  364 
or  333 


362 


From  these  data,  it  appears  that,  for  a  traffic  of  362 
vehicles  in  12  hours  per  foot  of  width,  the  vertical 
wear  amounts  to  '300  inch  per  year.  The  wear  for  100 
vehicles  per  day  per  foot  of  width,  is,  therefore,  equal  to 
(•300  X  ^62=)  '083  inch,  or  -A"  inch  per  year. 

Experience  is  wanting, — at  least  in  England, — for  deter- 
mining the  minimum  depth  to  which  wood-block  paving 
should  be  worn,  before  being  removed.     It  is  said  that,  in 
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some  instances,  ligno-mineral  and  other  wood  blocks  have 
been  worn  down  to  a  depth  of  2^  inches  when  they  were 
removed.  Sufficient  depth  of  block  is  required  for  stability, 
in  wood-paving  as  in  stone  ■  paving ;  and,  reasoning  by 
comparison,  it  would  appear  that  there  may  be  some  mistake 
in  the  first  design  of  wood-paving,  by  limiting  the  depth, 
when  new,  to  6  inches.  The  motive  for  this  limitation  of 
depth,  it  can  hardly  be  questioned,  is  one  of  economy  in 
first  cost;  but  when  it  is  observed  that  Carey's  earlier 
wood-pavements  in  the  City  of  London,  which  had  8  inches 
and  9  inches  of  depth,  have  far  surpassed  in  duration  more 
recent  pavements  having  only  6  inches  of  depth  origi- 
nally, it  would  be  well  for  wood-paviors  to  try  back, 
and  revise  their  designs  on  the  basis  of  a  9 -inch  depth  of 
block  for  heavy  traffic.  In  forecasting  the  amount  of 
vertical  wear  to  which  such  blocks  may  judiciously  be 
subjected,  it  may  be  premised  that,  for  equal  original 
dimensions,  the  amount  of  vertical  wear  may  be  at  least 
as  much  for  wood,  as  it  may  probably  be,  and  as  has  been 
indicated,  for  stone-sets ;  for  the  geometrical  form  of  the 
wood-block  admits  of  a  more  secure  and  more  permanent 
joint  being  made  than  for  the  roughly  squared  stone-set. 
Empirically,  then,  the  total  vertical  wear  may  be  taken 
at  1  inch  on  a  depth  of  6  inches,  and  4  inches  on  a 
depth  of  9  inches,  leaving  stumps  of  5  inches  to  be  re- 
moved. But,  it  is  scarcely  necessary  to  add,  that  in  order 
that  a  wood-pavement  should  be  capable  of  undergoing 
such  amounts  of  wear,  it  must  be  solidly  and  rigidly  con- 
structed with  thoroughly  seasoned  close-grained  wood  and 
watertight  joints,  and  thoroughly  drained.  Moreover, 
time,  the  destroyer,  is  an  element,  and,  in  making  esti- 
mates, it  is  necessary  to  impose  a  limit  to  the  duration 
of  wood,  independent  of  the  resistance  to  wear.  In  the 
following  table,  the  limit  of  endurance  is  taken  at  20 
yeais : — 
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Table  No.  35. — Wood  Pavement: — Estimated  Dukation. 

Vertical  wear,  iV  inch  per  year  per  100  vehicles  per  day  per  foot  of 

width. 


Height  of  blocks. 

6  inches,  |  7  inches.  |  8  inches. 

9  inches. 

Traffic  per  foo+  of 
width  per  year. 

1 

Maximum  amount  of  vertical  wear.        | 

linch. 

2  inches. 

3  inches. 

4  inches. 

Vehicles. 

Years. 

Years. 

Years. 

Years. 

100 

12 

20 

— 

200 

6 

12 

18 

24 

300 

4 

8 

12 

16 

400 

3 

6 

9 

12 

600 

n 

5 

7 

n 

u 


CHAPTEE  XYII. 

ASPHALTE  PAVEMENTS. 

The  employment  of  asphalte  for  tlie  carriage-way  of 
streets  was  commenced  in  Paris,  where,  in  1854,  the  Eue 
Bergere  was  laid  with  Yal  de  Travers  asphalte.  In  1858, 
three  sides  of  the  Palais  Poyal  were  laid  with  the  material, 
which  was  brought  to  the  ground  in  the  state  of  rock 
crushed  into  small  pieces,  and  was  heated  and  powdered 
by  decrepitators.  The  foundation  of  concrete  was  about 
6  inches  thick ;  the  asphalte  was  2-4  inches  thick  in  the 
Eue  St.  Honore  and  the  Eue  Eichelieu,  and  2  inches  in  the 
Eue  de  Yalois.  The  price  was  20  francs  per  square  metre, 
or  13s.  4d.  per  square  yard.  The  success  of  these  pave- 
ments was,  it  is  said,  complete,  in  spite  of  an  unpropitious 
season  ;  and,  in  1859,  the  Eue  des  Petits  Champs  was  laid. 
But,  the  conditions  were  unfortunate.  The  street  had 
been  occupied  by  drainage  works,  and  had  been  filled  with 
loose  soil  to  a  depth  of  from  10  to  13  feet.  On  a  4-inch 
bed  of  concrete,  2  inches  of  asphalte  was  laid  ;  the  work 
was  carried  on  in  rain  and  snow,  and  in  January  the  street 
was  opened  for  traffic.  Cracks  in  the  roadway  immediately 
appeared,  owing  to  the  constant  wet  during  the  process  of 
laying,  and  the  settling  of  the  soil.  Each  damaged  part 
was  repaired  in  succession.  The  price  paid  for  the  work  was 
15  francs  per  square  metre,  or  10s.  ^d.  per  square  yard, 
including"the  concrete  at  2  francs  per  metre,  or  Is.  4^.  per 
yard.  This  price  was  to  serve  as  a  basis  for  future  pro- 
posals for  re-paving  streets  with  compound  asphalte : — to 
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the  standard  of  4  inclies  of  concrete,  and  2  inches  of  asplialte- 
The  conversion  of  the  street-pavements  into  asphalte  work, 
on  a  large  scale,  was  commenced  in  1867.  Seyssel-rock 
asphalte  was  laid  in  the  E.ue  Bichelieu  and  elsewhere,  and, 
according  to  report,  answered  perfectly  well. 

Asphalte  Pavements  in  the  City  of  London. 

The  first  pavement  in  asphalte,  laid  in  the  City  of 
London,  was  laid  of  compressed  Yal  de  Travers  asphalte, 
in  Threadneedle  Street,  near  Finch  Lane,  in  May,  1869. 
The  next  pavement  was  laid,  in  October,  1870,  in  Cheap- 
side  and  the  Poultry,  Asphaltic  pavement  was  rapidly 
extended  to  other  streets  in  the  City,  until,  at  the  end  of 
1873,  the  total  area  of  carriage-way  covered  by  asphalte 
amounted  to  about  61,000  square  yards,  extending  over 
7,484  lineal  yards,  or  41  miles,  of  thoroughfare.  Prom 
these  data,  it  appears  that  the  average  width  of  car- 
riage-way so  laid  was  24  feet  4  inches.  The  details  are 
given  in  a  following  table.  Meantime,  the  various  kinds 
of  asphaltic  pavements  that  have  been  laid  and  tried  in 
the  City  of  London,  are  now  to  be  described.  The  par- 
ticulars for  description  have  been  gleaned,  for  the  most 
part,  from  Colonel  Haywood's  reports. 

Val  de  Travers  Compressed  Asphalte  Pavement. — Carriage- 
ways are  constructed  with  a  foundation  of  concrete,  of 
from  6  to  9  inches  in  thickness,  according  to  the  traffic  in 
the  street.  The  rock  in  its  natural  state  is  broken  up  and 
reduced  to  powder  by  exposure  to  heat  in  revolving  ovens. 
It  is  then  lodged  in  iron  carts  with  close-fitting  covers, 
and  brought  upon  the  ground,  taken  out,  laid  over  the 
surface,  and,  whilst  hot,  compressed  with  heated  irons  into 
a  homogeneous  mass  without  joints.  The  finished  thick- 
ness is  from  2  to  2  J  inches,  according  to  the  traffic,  and 
the  material  is  further  compressed  and  consolidated  by  the 

M  2 
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action  of  tlie  traffic :  by  as  much  as  20  or  25  pel*  cent., 
according  to  the  statements  of  the  Company. 

The  pavement  laid  in  Threadneedle  Street,  already 
noticed,  was  laid  on  a  foundation  of  concrete  8  inches 
thick ;  a  coating  of  mastic,  ^-inch  thick,  was  laid  over  the 
concrete,  and  over  this,  2  inches  of  Yal  de  Travers  com- 
pressed asphalte.  The  mastic  was  applied  to  expedite  the 
work ;  but  it  has  not  been  used  in  any  other  pavement 
formed  in  the  City. 

The  next  pavement  that  was  laid, — in  Cheapside  and 
the  Poultry, — was  2^  inches  thick,  with  a  foundation  of 
concrete,  9  inches  thick.  The  cost  was  Is.  9d.  per  square 
yard  for  concrete,  and  16s.  Sd.  for  asphalte:  together,  18s. 
per  square  yard. 

Val  de  Travers  Mastic  Asphalte  Pavement. — ^In  laying  this 
pavement,  the  rock  is  ground  to  a  fine  powder,  and  placed 
in  caldrons  on  the  ground,  with  an  addition  of  from  5  to 
7  per  cent,  of  bitumen.  When  heated,  it  becomes  semi- 
fluid ;  then,  60  per  cent,  of  grit  or  dry  shingle  is  added  to 
the  melted  mass,  and  after  having  been  thoroughly  mixed, 
the  compound  is  spread  over  the  bed  of  concrete  in  one 
layer.  In  March,  1871,  George  Yard,  Lombard  Street,  was 
paved  with  this  mastic  asphalte,  in  a  layer  1^  inches  thick, 
on  a  bed  of  concrete  6  inches  thick.  The  price,  including 
concrete,  was  12s.  per  square  j^ard. 

Limmer  Mastic  Asphalte  Pavement. — The  rock  is  broken 
up  and  mixed  with  clean  grit  or  sand,  of  difi'erent  sizes, 
according  to  the  place  in  which  the  pavement  is  to  be  laid. 
A  small  quantity  of  bitumen  is  added  to  the  materials. 
The  mixture  is  heated  and  made  liquid  in  caldrons  on  the 
spot,  and  the  compound  is  run  over  the  surface  of  the 
foundation  of  concrete,  and  smoothed  with  irons  to  the 
required  profile.  It  is  run  in  two  layers,  the  lower  of 
which  is  made  with  grit  of  a  larger  size  than  that  of  the 
upper  layer.    The  total  thickness  of  asphalte,  when  finished. 
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is  from  1^  to  2  inclies,  according  to  tlie  traffic.  Tliis 
asphalte  was  first  laid  in  Lombard  Street,  and  the  pavement 
was  finished  in  May,  1871.  The  concrete  was  9  inches,  and 
the  asphalte  2  inches  thick.  The  price  of  the  concrete 
was  2s.  8^.,  and  of  the  asphalte  13s.  4d.;  together,  16s.  per 
square  yard. 

Barnetfs  Liquid  Iron  Asphalte  Pavement. — This  is  made 
either  of  natural  or  artificial  asphalte,  mixed  with  pulverised 
iron  ore  or  sesqui-oxide  of  iron,  and  a  small  proportion  of 
mineral  tar.  The  materials  are  heated  in  a  caldron,  and 
melted,  then  run  over  the  surface,  and  smoothed  like  other 
liquid  asphaltes.  The  usual  thickness  is  2^  inches.  It  was 
first  laid  in  Moorgate  Street,  in  October,  1871.  The  price 
was  13s.  Qd.  per  square  yard,  exclusive  of  foundation. 

Trinidad  Asphalte  Pavement, — This  is  a  compound  of 
Trinidad  pitch,  broken  stone,  chalk,  and  other  ingredients 
comminuted  and  mixed  together.  It  is  laid  as  a  heated 
powder.  A  piece  of  this  pavement  was  laid  in  Princes 
Street,  in  June,  1872,  for  which  the  price  was  10s.  M.  per 
square  yard.  This  pavement  showed  signs  of  wear  directly 
it  was  opened  for  traffic.  It  was  continually  under  repair, 
but  it  got  cut  to  pieces,  and  was  taken  up  in  the  end  of 
October,  and  replaced  by  Yal  de  Travers  Asphalte. 

Patent  British  Asphalte  Pavement. — This  pavement  does 
not  contain  any  natural  asphalte.  It  is  composed  of  cer- 
tain oils,  caustic  lime,  pitch,  sawdust,  and  iron  slag  or 
grit  ground  to  a  powder.  The  mixture  is  heated  in  a 
boiler,  and,  in  a  semi-liquid  state,  run  over  the  surface  of 
a  bed  of  concrete.  This  pavement  was  laid  next  the 
Trinidad  asphalte,  in  Princes  Street,  in  July,  1872,  at  the 
price  of  12s.  per  square  yard.  By  the  month  of  December, 
it  had  suffered  severely  from  the  wear  of  the  traffic,  by 
which  it  was  pulverised ;  and,  after  having  been  repaired, 
ineffectually,  it  was  taken  up  in  the  same  month  and  re- 
placed by  the  Yal  de  Travers  Asphalte. 
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Montrotier  Compressed  Asphalte  Pavement. — This  is  a 
natural  asphalte  from  the  mines  of  Montrotier,  in  the 
department  of  Haute  Savoie,  France.  It  was  laid  as 
heated  powder,  in  Princes  Street,  at  the  north  side,  and 
compressed  with  rammers  in  the  same  manner  as  the  Yal 
de  Travers  asphalte.  The  work  was  completed  in  August, 
1872.     Price,  155.  per  square  yard. 

The  compressed  asphalte  of  the  SocieU  Frangaise  des 
Asphalte  is  brought  from  the  mines  of  Garde  Bois  in 
Seyssel.  It  was  laid  2|  inches  in  thickness,  in  Princes 
Street,  in  July,  1872,  on  9  inches  of  concrete.  The  price 
was  14s.  ^d.  per  square  yard. 

Maestu  Compound  Asphalte. — This  asphalte  is  brought 
from  mines  at  Maestu,  in  Spain.  The  pavement  is  formed 
of  blocks  of  asphalte  compressed  into  the  shape  of  bricks, 
about  61  inches  wide,  2|-  inches  thick,  and  13  inches  long, 
laid  on  a  bed  of  concrete,  and  the  joints  grouted  with 
bitumen.  This  pavement  was  laid  in  Threadneedle  Street, 
in  December,  1871,  at  the  price  of  12s.  per  square  yard. 
It  failed  at  places,  owing  to  defective  concrete ;  and,  after 
having  been  repaired,  it  was  taken  up  in  January,  1872, 
1^  month  after  it  was  laid. 

Stone's  Slipless  Asphalte. — ^A  foundation,  9  inches  thick, 
is  composed  of  a  peculiar  cement,  compressed  while  in  a 
fluid  state  by  machinery,  under  a  pressure  of  112lbs.  per 
square  inch.  A  layer  of  asphalte,  2^  inches  thick,  in  a 
heated  state,  was  laid  on  this  foundation;  it  was  com- 
posed of  tar,  cement,  sand,  and  lead-ore,  subjected  to  com- 
pression as  the  concrete  was.  A  specimen  of  the  pave- 
ment was  laid  in  King  William  Street,  near  Nicholas 
Lane,  in  July,  1873  ;  but  it  failed  to  sustain  the  traffic, 
and  was  taken  up  in  September,  after  having  been  down 
only  5  or  6  weeks. 

Bennett's  Foothold  Metallic  Asphalte.— This  pavement  con- 
sisted of  blocks  about  2  feet  square  and  4  inches  thick. 
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The  lower  portion — 3  inclies  thick — of  the  blocks  is  com  - 
j)osed  of  British  manufactured  asphalte  and  burnt  ballast. 
The  superstratum  of  the  blocks,  1  inch  thick,  is  composed 
of  foreign  asphalte,  bone-dust,  sulphate  of  lime,  and  cer- 
tain metallic  substances,  including  lead.  The  strata  were 
fused  together.  Portions  of  the  superstratum,  6  inches  in 
diameter,  at  8|^-inch  centres,  were  raised  above  the  general 
level  of  the  surface,  and  made  hard  by  some  process,  with 
the  object  of  increasing  the  wearing  powers  of  the  pave- 
ment, and  to  preserve  its  convexity.  A  specimen  of  the 
pavement  was  laid  in  King  "William  Street,  near  Nicholas 
Lane,  in  October,  1873  ;  but,  failing  to  sustain  the  traffic, 
it  was  taken  up  in  January,  1874,  after  having  been  down 
three  months. 

Lime's  Composite  Pavement. — This  pavement  was  com- 
posed of  asphalte,  wood,  and  broken  granite.  A  specimen 
for  trial  was  laid  in  Lombard  Street. 

McBonnelVs  Adamantean  Concrete  Pavement. — This  material 
was  composed  of  blocks  made  of  broken  stone,  chalk,  lime, 
and  clay,  mixed  with  vegetable  or  mineral  pitch  or  tar. 
A  portion  of  the  carriage-way  of  Carter  Lane  was,  in 
April,  1869,  paved  with  this  material.  The  blocks  were 
18  inches  long,  12  inches  wide,  and  6  inches  deep;  they 
were  laid  with  f-inch  joints,  upon  a  solid  foundation, 
and  run  up  with  an  asphaltic  composition.  The  price 
was  20s.  per  square  yard.  The  pavement  showed  a 
serious  degree  of  wear  at  the  end  of  the  first  year  after 
it  had  been  laid;  and  at  the  end  of  18  months  it  had  to 
be  extensively  repaired  by  the  contractor,  according  to  the 
terms  of  his  contract.  In  1872,  it  was  in  such  a  bad  con- 
dition, that,  not  having  been  repaired  by  the  contractor, 
it  was  taken  up  in  September  of  the  same  year,  after 
having  been  down  3  years  and  5  months.  The  traffic  of 
the  Lane  did  not  exceed  700  vehicles  in  24  hours. 

Granite  Pavements  with  Asphalte  Joints, — Trials  were  made 


248  ASPllALTE    PAVEMENTS. 

of  asphalte  jointing  for  granite  sets,  as  in  the  pavements  of 
Manchester  and  other  northern  towns.  A  portion  of  Duke 
Street,  Smithfield,  was  paved  with  Carnarvon  granite  sets, 
3  inches  wide,  6  inches  deep,  and  6  inches  long.  They 
were  laid  with  1-inch  joints,  which  were  filled  with  small 
clean  pebbles,  and  run  up  with  a  composition  of  pitch  and 
oil  boiled  together.  The  work  was  completed  in  May, 
1868. 

A  piece  of  Aberdeen  granite  pavement  was  laid  for 
comparison  at  the  same  time,  contiguously,  in  the  same 
street.  The  sets  were  3  inches  wide,  and  7  inches  deep, 
and  were  jointed  with  lime-grout,  in  the  usual  manner. 

In  1871,  the  two  pavements  were  in  nearly  the  same 
condition ;  but  the  L'me-grouted  pavement  showed,  if 
anything,  the  greater  amount  of  wear: — the  difference 
having  been  ascribed  by  Colonel  Haywood, — no  doubt 
correctly, — to  the  comparative  softness  of  the  Aberdeen 
sets.  Both  pavements  were  removed  in  May,  1873,  after 
a  five-years'  trial,  and  replaced  by  wood. 

Another  piece  of  this  kind  of  paving,  formed  with 
Aberdeen  granite  sets,  3  inches  wide  and  9  inches  deep, 
was  laid  in  St.  Paul's  Churchyard,  at  the  east  end,  in 
April,  1870,  and  removed  in  December,  1875,  after  having 
been  down  5  years  and  8  months.  During  this  time,  no 
repairs  were  done  to  the  pavement.  For  the  first  three 
years,  the  surface  continued  in  very  good  condition  ;  after- 
wards, it  gradually  fell  into  disrepair,  and,  in  the  last  year, 
it  was  in  a  very  bad  state.  Small  repairs  were  not  done  to 
it,  in  the  way  customary  with  lime-grouted  sets,  by  reason 
of  the  difficulty  and  expense  of  taking  up  and  relaying 
small  detached  portions : — which  required  a  boiler  and 
special  apparatus  to  be  brought  to  the  ground. 

Colonel  Haywood  reported  that  all  the  asphalte-jointed 
granite  pavements  were  noisier  and  less  pleasant  to  travel 
over  than  the  pavements  grouted  with  lime. 
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The  following  table,  No.  36,  gives  the  length  and  area 
of  carriage-ways  paved  with  asphalte,  at  December,  1873. 
Since  this  date,  several  additional  pavements  in  asphalte 
have  been  laid  : — 


Table  No.  36. — City  of  London  : — Extent  of  Asphalte  Careiage- 
WAY  Pavements,  at  December  31,  1873. 

(Colonel  Haywood.) 


Pavement 

Number 
of  streets, 
&c.,  paved. 

Length. 

Area. 

Val  de  Travers,  compressed  . 
Val  de  Travers,  mastic 
Limmer,  mastic    .... 
Bamett's,  mastic  .... 
Societe    Francaise,   compressed ) 
(Seyssel)  .        .         .        .        / 
Montrotier,  compressed 

20 
1 
8 
6 

1 

1 

Yards. 
4,185 
69 
1,446 
1,705 

39 

40 

Square  yds. 

34,876 

232 

8,477 

16,544 

327 

346 

Total  number  of  pavements    . 

37 

7,484 

60,802 

Note  to  Table. — The  Val  de  Travers  compressed  pavements  and 
the  Limmer-mastic  pavements  for  carriage-ways,  comprised  in  this 
table,  were,  with  three  exceptions,  made  with  2  inches  of  asphalte ; 
they  were  laid  on  concrete  of  from  6  to  9  inches  in  thickness.  The 
exceptional  thicknesses  were  2|  inches  for  Cheapside  and  the  Poultry, 
as  before,  noted ;  and  2^  inches  for  Gracechurch  Street  and  Queen 
Street. 

The  pavements  of  Bamett's  Iron  Asphalte  were  laid  on  9  inches  of 
concrete,  and  were  2^  inches  thick.  The  pavement  of  the  Societe 
Francaise  was  2f  inches  thick,  on  9  inches  of  concrete ;  and  that  of 
Montrotier  was  2  inches  thick. 

From  the  experimental  results  just  recorded,  it  is  ap- 
parent that  no  preparation  of  asphalte  compounds  can 
compete  successfully  with  simple  asphalte  as  a  material  for 
roadways.  Experience  has  amply  confirmed  Colonel  Hay- 
wood's belief,  expressed  in  his  report  of  July,  1871  :— 
'•It  has  been  seen,"  he  says,   referring  to  the  Yal  de 

m3 
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Travers  compressed  asphalte  and  liquid  asphalte,  the 
Limmer  mastic,  and  Barnett's  iron-asphalte  mastic,  ''that 
the  modes  of  compounding  and  forming  the  asphalte  pave- 
ments differ  materially,  the  one  being  a  mineral  unmixed 
and  laid  in  a  state  of  dry  heated  powder,  the  other  three 
being  composed  of  asphalte  largely  mixed  with  grit,  sand, 
and  other  ingredients,  and  laid  in  a  heated  liquid  state. 
There  is  consequently  a  marked  difference  between  their 
structures,  and  I  incline  to  the  belief  that  the  asphaltes 
which  will  form  the  most  durable  pavements  for  carriage- 
ways are  those  capable  of  being  laid  and  compressed  in 
the  shape  of  heated  powder.'* 

In  a  report  by  Colonel  Haywood,  dated  April  18,  1873, 
he  described  the  condition  of  the  pavements  laid  in  the  City 
of  London,  at  the  1st  March  of  that  year,  from  which  the 
following  table.  No.  37,  has  been  compiled.  Portions  of 
some  of  the  pavements  were  cut  out  under  his  direction, 
in  order  to  ascertain  whether  they  had  lost  materially  in 
thickness.  ''There  is  no  doubt,"  he  says,  "that  the 
asphaltes  have  somewhat  diminished  in  thickness  under 
the  wear  of  the  traffic,  but  owing  to  inequalities  when  they 
were  first  laid,  and  to  the  compression  which  takes  place 
in  all  those  laid  in  the  shape  of  heated  powder,  it  would 
be  difficult  to  ascertain  the  exact  wear  without  making  a 
very  large  number  of  openings." 

By  "holes"  or  "short  holes,"  in  the  table,  it  was  not 
meant  that  the  asphaltes  were  worn  down  to  the  concrete 
foundation.  The  larger  holes  upon  compressed  asphalte 
are  in  most  cases  depressions  caused  by  the  traffic,  and  do 
not  necessarily  indicate  surface  wear.  In  the  mastic  as- 
phaltes, on  the  contrary,  they  are  for  the  most  part  the 
result  of  disintegration  and  wear  of  the  surface. 

Minute  holes  are  noticeable  in  compressed  asphaltes 
shortly  after  they  are  laid,  which  seem,  after  a  time,  to  close 
•up  or  disappear,  whilst  others  open.      The  cause  of  this 
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*'  flow  of  solids,"  which.  Colonel  Haywood  thinks  may  be 
due  to  the  presence  of  foreign  substances,  or  of  moisture 
from  the  foundation,  has  not  yet  been  satisfactorily  ex- 
plained. 

The  lengths  of  time  during  which  these  asphaltes  had 
been  down,  at  the  date  of  the  inspection,  were  3  years 
and  9  months  for  one,  2  years  and  2  months  for  two, 
less  than  2  years  for  eighteen,  less  than  1  year  for  four, 
and  less  than  6  months  for  five. 
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Table  No.  37. — City  of  London  : — Duration 
Val  de  Travers 


Locality. 


Poultry  :  next  kerb,  general  surface 

Cheapside :     next    kerb,     general 
surface. 


Old  Broad  Street  . 
New  hroad  Street  . 
Throgmorton  Street 
Milk  Street     . 

Eussia  Row      . 
Queen  Street  . 
Old  Bailey 
Gracechurch  Street 


Finsbury  Pavement  and  IMoorgate 

Street. 
IMoorgate  Street      .... 
Wood  Street 

liOndonWall  .         .         .         . 

Threadneedle    Street,    near    Finch 
Lane. 

Ditto,  east  end        .... 
Ditto,  central  .... 

Mansell  Street         .... 

Mansion  House  Street     . 
I'rinces  Street  .        .        ,         . 

Litto        ..... 


PI 

III 
III' 

Vehicles  in  12   | 
hours  in  1872-73. 

Total. 

Per  foot 
ofwidthj 

Feet. 
22 

Vehi- 
cles. 
7,997 

Vehi- 
cles. 
363 

30 

8,949 

298 

24 
24 
14 

14^ 

2,473 

1,515 

661 

516 

103 
63 
47 
36 

7 
15 
22 
21 

97 
2,292 
2,903 
4,730 

14 
153 
132 
225 

42 

5,361 

128 

32 
14i 

6,000 
980 

188 
68 

24 
26 

2,500 
3,696 

104 
142 

14 
»» 

5» 

264 
264 

— 

498 

— 

46 
24 

13,767 

5,628 

>» 

300 

234      \ 
234      ( 

Time 
down  at 
Maichl, 

1873. 


Goorge  Yard 


58 


Yrs.  Mos 


2     2| 


1   11 


1  IH 

1  10 

1  10 

1     7i 


1     6| 
1     6h 


1  H 

3  9 

1  21 

1  U 

1  4 

0  8i 

0  '6h 


Val  de 
1  11     I 
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AND  Kepair  of  Asi-halte  Pavemexts,  1873. 
AsPHALTE  (Compressed). 


Continually  repaired  at  night.     Many  holes  in  the  entire  surface. 

Channels  much  worn.    Extensive  repairs  required  this  year. 
Continually  repaired  at  night.     Many  small  holes  in  the  surface ; 

mostly  appeared  within  the  last  6  months.    Very  extensive  repairs 

required  this  year. 
No  repairs  done.     A  few  small  holes  ;  otherwise  in  good  condition. 

No  repairs  done.     Channels  somewhat  worn. 

One  or  two  repairs  done.  One  or  two  holes,  channel  somewhat 
worn.    Otherwise  in  good  condition. 

One  or  two  repairs  made.    In  good  condition. 

Trifling  repairs.     In  fair  condition. 

No  repairs.    In  good  condition. 

Frequent  repairs  at  south  end,  where  there  are  many  small  holes. 
Many  depressions  towards  north  end.  Generally  in  good  con- 
dition; but  not  so  good  as  others  of  this  Company. 

Trifling  repairs.  Small  holes  over  the  surface.  Generally  in  good 
condition. 

A  few  small  holes.    In  very  good  condition. 

Trifling  repairs.  Channels  worn  ;  a  few  small  holes.  Otherwise  in 
good  condition. 

Slight  repairs.    Some  short  holes.    Generally  in  good  condition. 

The  first  pavement  laid  in  the  City.  Nine  very  small  repairs  made. 
A  few  holes.    Generally  in  good  condition. 

{Narrow way  frequently  repaired.     Channels  deeply  worn.     Well- 
marked  depression  at  middle  by  wheels.      Many  short  holes  at 
east  end.    Much  wear. 
One  slight  repair.     A  few  small  holes.     Otherwise  in  good  condi- 
tion. 
Slight  repairs.    Surface  worn ;  otherwise  in  good  condition. 

No  repairs ;  in  good  condition. 

Tkavers  (Mastic). 

:  No  repairs.     Small  depressions  on  surface ,  but  generally  in  good 
1     condition. 
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Table  No.  37. — City  of  London  : — Duration  and 

LiMMER 


Locality. 


Lombaxd  Street 
Moorgate  Street 

Comhill. 


ft©  p< 


Feet. 

17 

32 


23 


Vehicles  in  12 
hours  in  1872- 73. 


Total. 


Vehi- 
cles. 
2,499 

6,000 
3,507 


Per  foot 
of  width 


Vehi- 
cles. 
147 

188 


Time 
down  at 
March  1, 

1873. 


Yrs.    Mos 

1    H 

1     5| 
0  llf 


Moorgate  Street 


Carter  Lane 
Lothbury 


Bisliopsgate  St.  Within 


Barnett's 

32 

6,000 

188 

1     ^ 

8 
43 

317 
1,612 

40 
38 

0    5f 
0     4f 

28 

6,048 

216 

0     2^ 

I  Princes  Street 


Montrotier 
I    24     II  5,628 1  235     ||     0     6|  | 


Princes  Street 


SOCIETE   FrANCAISE   DES 


21     1]  5,628 1  268 


0    7i 
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Repair  of  Asphalte  PavexMents,  \%1Z— continued. 
AsPHALTB  (Mastic). 


Repairs  and  Condition  on  March  1,  1873. 


Extensively  repaired  in  last  3  montlis.  Channels  worn.  Many- 
short  holes  at  middle  of  way. 

Extensively  repaired  in  last  3  months.  Considerable  indications  of 
surface  wear  in  the  middle ;  a  few  bad  holes  and  depressions. 
Otherwise  good. 

Trifling  repairs.  Channels  slightly  worn.  IVIiddle  of  way  con- 
siderably worn;  surface  rough. 

Asphalte  (Mastic). 

Extensively  repaired.    Many  small  holes,  especially  at  south  end, 

which  was  laid  in  very  bad  weather. 
Surface  in  good  condition. 
Large  portion  badly  laid,  re-laid.     Surface  variable,  some  parts 

smooth,  others  worn  and  rough. 
No  repairs.     Numerous  holes;   and  indications  of  loose  structure 

or  of  wear.     Eastern  part  rough,  indicating  inferior  material  or 

bad  laying.    "Weather  very  bad  when  it  was  laid. 

Asphalte  (Compressed). 

I  No  repairs.    In  good  condition. 

AsPHALTES  (Compressed). 

I  No  repairs.     Unusually  wa^y.    Generally  in  good  condition. 
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In  compiling  this  table,  an  attempt  has  been  made  to 
gauge  the  intensity  of  the  traffic  by  a  calculation  of  the 
daily  number  of  vehicles  by  which  each  street  was  tra- 
versed, per  foot  of  the  width  of  carriage-way.  These 
traffics  are  placed  in  the  following  table,  No.  38,  for 
comparison  with  the  loss  of  thickness,  taken  at  per  year, 
in  the  last  column : — 


TabIiE   No.    38. — City   of   London: — "Wear   of   Aiphalte   Pats- 
MENTS,  1873. 

Val  de  Travers  Asphaltb  (C  mpresred). 


Vehicles 

Time 

Loss  of  nominal  thickness 

Locality. 

in  12  hours 
per  foot  of 

down  at 
March  1, 

width. 

1873. 

Total. 

Per  year. 

Vehicles. 

Yrs.  Mos. 

Inch. 

Inch. 

Poultry :  next  kerb 

363 

2     2f 

•44  to  -94 

•20  to  ^42 

Do.  general  surface    . 

363 

» 

•375  to  -75 

•17  to -34 

Cheapside  :  next  kerb  . 

298 

2     2| 

•81  to  ^94 

•36  to  42 

Do.  general  surface    . 

298 

jf 

f 

•17 

Old  and  New  Broad  \ 
Streets     .         .        .  j 

103 

1  lU 

•31 

•16 

Queen  Street 

153 

1  10 

f 

•41 

Moorgate  Street  . 

188 

1   H 

/I     2i 

•118 

•08 

1 

1^00  (next 

•87 

Threadneedle    Street, 

142 

kerb) 

east  end  and  centre  . 

iV  (general 
surface 

•06 

Average    for  general  i 
surface     .        .        .  j 

208 

\ 

•19 

LiMM 

er  Asfha 

LTB  (Mastic). 

Lombard  Street  .. 

1      147    1 

1     91  II         i 

[        -07 

Barne 

tt's  Asph 

ALTB  (Mastic). 

Moorgate  Street  .         .  | 

188    1 

1    H  II      iV 

•05 

MONTROTI 

BR  AsPHA 

LTB  (Compressed). 

Princes  Street       .         .  ! 

i 

235 

0     6^  11      i  to  1 

•35  to  r40 

The  data  contained  in  this  table,  No.  38,  are  too  scanty 
for  the  purpose  of  making  a  useful  comparison  of  the 
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■wears  of  the'  difierent  asplialtes ;  but  a  general  relation 
may  be  observed  between  the  traffics  per  foot  of  width 
and  the  vertical  wears  per  year  of  the  pavements  in 
Yal  de  Travers  Compressed  Asphalte  j  and  the  averages 
are  as  follows : — 

Val  de  Travers  Compressed  Asphalte  Pavement  for  Carriage-ways. 

Vehicles  in  12  hours  per  foot  of  width  ....  208  vehicles. 
Loss  of  thickness  per  year  (say  \  inch)  .         ,        ,        •     '19  inch. 

It  has  been  argued  that  the  reduction  of  thickness  is  the 
result  of  simple  compression  under  the  traffic,  and  not 
sensibly  of  wear  : — an  argument  which  is  countenanced  by 
Colonel  Haywood,  who  found  that  asphalte  is  not  so  noise- 
less after  it  has  been  down  for  two  or  three  months,  as  it  is 
when  first  laid,  and  ascribed  the  difference  to  compression 
and  solidification  under  traffic.  Be  that  as  it  may,  de- 
terioration of  the  surface  is  augmented  by  the  action  of 
the  traffic;  and,  ultimately,  the  abrasion,  and  the  conse- 
quent loss  of  thickness,  must  proceed  in  an  increasing 
ratio,  for  it  can  scarcely  be  questioned  that  the  material 
next  the  upper  surface  is  originally  more  durable  than 
what  is  under  it. 

With  the  experience  of  nearly  a  year  later  than  the  date 
of  his  report  from  which  the  foregoing  data  are  derived, 
but  without  sufficient  experience  to  determine  the  actual 
durability  of  asphalte  in  the  City,  Colonel  Haywood,  after 
full  consideration  of  all  the  circumstances,  thought  "  that, 
without  much  repair,  none  of  the  asphaltes  would  last  more 
than  from  four  to  six  years  ;  and  that,  in  the  course  of 
from  six  to  ten  years,  the  entire  surface  of  all  will  have 
been  renewed."  In  explanation,  it  is  to  be  said  that  the 
repair,  however  slight,  of  an  asphalte  carriage-way  pave- 
ment, requires  that  entirely  new  material  should  be  ap- 
plied in  replacement  of  that  which  is  in  a  state  of  dis- 
repair.     That  is  to  say,  there  is  no   such  operation   as 
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the  relaying  of  an  asphalte  pavement.  But,  the  asphalte 
that  is  removed,  is  utilised  by  being  converted  into  a 
liquid  aspbalte  for  the  formation  of  footpaths. 

In  the  Appendix,  a  table,  extracted  from  a  recent 
report  of  Colonel  Haywood,  gives  the  condition  of  the 
asphalte  carriage-way  pavements  in  the  City  of  London, 
on  the  1st  of  February,  1877.  It  may  be  noted  that  the 
works  of  two  of  the  Asphalte  Companies, — the  Montro- 
tier,  and  Barnett's, — no  longer  exist. 

The  asphalte  pavements  in  the  City  of  London  are  all 
maintained  for  periods  of  16  or  17  years,  by  contract  with 
the  respective  companies  by  whom  they  were  laid. 


Val  de  TiiAVERS  Asphalte, 
(Compressed.) 
Cheapside 

Poultry .         .         .         , 
Old  Broad  Street    . 
Graceclmreli  Street 
Finsbury  Pavement 
Moorgate  Street  (N.  end) 
Queen  Street .        • 

LiMMER  Asphalte  (Mastic). 
Moorgate  Street  (central) 
Lombard  Street      .         . 
Cornhill 
Mincing  Lane 

Baunett's  Asphalte  (Mastic). 
Moorgate  Street  (S.  end) 

Val  be  Tkavers  (Mastic). 
George  Yard  . 


Concrete.    Asphalte. 
inches.        inches. 


2i 
2 

2 
2 

28^ 


n 


Completed, 
Dec.  1870 
Dec.  1870 
March,  1871 
July,  1871 
Aug.  1871 
Aug.  1871 
April,    1871 


Sept.  1871 
May,  1871 
March,  1872 
Aug.      1873 


Oct.       1871 


April,    1871 


The  terms  of  the  contracts  for  these  streets  are  given 
in  Table  No.  39,  which  follows  :  — 
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Table  No.  39. — City  of  London  : — Cost  of  Asphalte  Pavements. 
Laid  and  Maintained  by  Contract. 


.s! 

First  cost  per  square 

1 
Total  cost  per  i 

o  a 

yard. 

square  yard.    : 

1| 

Contract  cost  for        1 
maintenance  per  square  \ 

1 

Locality. 

1 

SI 

Foun- 
da- 
tion. 

As- 
phalte. 

Total,  j 

yard. 

1 

Total. 

Per 
year. 

VaL  DK  T RAVERS 

(compressed). 

Yrs. 

s.  d. 

s.    d. 

s.    d. 

B.  d. 

s.    d 

8.     d. 

Cheapside  . 

17 

1    9 

16    3 

18    0 

2  yrs.  fi  ee. 
15    „    atls.  6d. 

=  22  6 

40    6 

2    4^ 

Poultry      . 

17 

1    9 

16    3 

18    0 

»                              9) 

22  6 

40    6 

2    4^ 

Old  Broad  St.    . 

17 

1    9 

14    3 

16    0 

2  yrs.  free. 
15    „    at9d. 

=  11  3 

27    3 

1  n 

Gi-acechurch  St. 

17 

1    9 

15    3 

17    0 

2    „    fi-ee. 
15    „    at  Is. 

«=--15  0 

32    0 

1  10| 

Finsbniy   Pave- 

ment 

17 

1    9 

14    3 

16    0 

2    „    free 
15    „    at  9d. 

113 

27    3 

1  n 

Moorgate  St.      . 

17 

1    9 

14    3 

16    0 

>»                » 

11  8 

27    3 

1     7i 

Queen  St.  . 

17 

1    9 

14    3 

16    0 

>»                »> 

11  3 

27    3 

1     7k 

LiMMER  (mastic). 

Moorgate  St.     . 

17 

2    8 

13    4 

16    0 

2  yrs.  fi-ee. 
15    „    at9d. 

=  11  3 

27    3 

1    7i 

Lombard  St. 

17 

2    8 

13    4 

16    0 

11  3 

27    3 

1     7i 

Cornhill     .        . 

17 

2    8 

12    4 

15    0 

»                » 

11  3 

26    3 

1     6^ 

Mincing  Lane   . 

17 

1    9 

10    3 

12    0 

»                )* 

11  3 

23    3 

1    4i  1 

Barnett's 

(mastic) . 

Moorgate  St.     . 

18 

2    8 

10    6 

13    2 

3  yrs.  free. 
15    „    atls.  4^d 

.=20  7 

33    9 

11C| 

Val  de  Travers 

(mas:ic). 

George  Yard 

10 

1    9 

10    3 

12    0 

10    „    free. 

12    0 

1     2^ 

J 

Notes  to  Tabi.e.— 1.  Excavation  is  not  included.    2.  The  pavements  to  be  given  up  as 
'ood  as  new. 


Asphalte  Pavement  in  Manchester. 


A  specimen  of  Yal  de  Travers  asphalte,  1,000  square 
yards,  was  laid  in  a  street  in  Manchester,  and  was  down 
two  years.  During  17  days  in  December,  1873,  and 
January,  1874,  61  horses  fell,  or  3-6  horses  per  day: — 
comprising  12  carriage  horses  and  cab  horses,  39  lurry 
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horses,  and  10  cart  horses.  The  surface  was  very  slip- 
pery, and  considered  to  be  extremely  dangerous  except 
in  exceptionally  dry  weather,  or  wet  weather,  and  not 
suitable  for  the  humid  atmosphere  of  the  Manchester 
district.     The  pavement  was  replaced  with  granite. 


CHAPTEE  XYin. 
OTHER   PAVEMENTS. 

Metropolitan  Compound  Metallic  Paving. — ^Tliis  pavement 
is  formed  of  blocks  of  a  hard  cement,  having  an  iron 
frame  bedded  on  the  top  enclosing  a  certain  portion  of 
wood.  A  specimen  was  laid  in  Threadneedle  Street,  in 
1853;  it  did  not  prove  satisfactory,  and  was  replaced  by 
the  proprietors  by  a  new  and  better  specimen,  in  January, 
1854.  By  the  end  of  the  year,  it  became  very  unsatis- 
factory, and  was  extensively  repaired.  In  June,  1855,  it 
became  dangerous,  and  was  finally  removed. 

Cast  Iron  Paving. — General  Krapp's  cast-iron  pavement, 
an  American  invention,  consists  of  cast-iron  frames  divided 
into  sections,  the  divisions  being  sufficiently  close  together 
to  prevent  the  admission  of  horses'  hoofs.  The  runs  and 
divisions  are  about  1  inch  in  width  on  the  top,  closely 
grooved  to  about  an  inch  in  depth.  The  frames  are  so 
designed  that,  to  some  extent,  there  would  be  a  connection 
and  mutual  support  throughout  a  paving  laid  with  them. 
They  are  laid  upon  the  usual  substratum,  in  the  same 
manner  as  granite  paving,  the  interstices  being  filled  with 
gravel,  stones,  or  concrete.  The  weight  of  the  pavement 
is  250  pounds  per  square  yard ;  it  costs,  when  complete, 
about  18s.  per  yard.  A  specimen  was  laid  in  Leadenhall 
Street,  early  in  1855.  By  the  middle  of  the  year,  it  got 
very  much  out  of  repair,  and  it  was  relaid  on  concrete, 
the  interstices  being  filled  with  concrete ;  but  its  condition 
was  not  very  satisfactory.     In  February,  1857,  it  was  in 
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an  extremely  bad  state  of  repair ;  and  in  April,  it  was 
finally  removed,  after  having  been  down  for  a  little  over 
2  years. 

The  Cellular  Iron  Pavement. — This  pavement  consists  of 
cast-iron  blocks,  1 4  inches  square,  having  a  flat  sole  with 
a  downward  stiffening  rib  at  each  edge,  and  honeycomb 
reticulations  on  the  upper  side,  which  are  open  through 
the  casting.  The  six-side  cells  so  formed,  are  oblong, 
there  being  six  cells  side  by  side,  one  way,  and  four  the 
other  way  of  the  block.  The  cells  overhang  the  edges  a 
little,  and  are  the  means  of  interlocking  the  blocks  verti- 
cally when  the  blocks  are  placed  in  position.  Thus,  it 
was  designed,  the  paving  would  rest  solidly  and  immovably 
on  a  common  substratum ;  and  any  substance  like  sand  or 
gravel  thrown  on  the  pavement,  was  to  be  driven  through 
the  cells  by  the  weight  of  the  trafiic,  and  would  in  fact 
constitute  a  continuous  packing.  This  pavement  was  tried 
in  the  Poultry  in  1863. 

Poletti  and  DimpjV^  Artificial  Granite  Pavement. — This 
pavement  is  made  into  blocks,  3^  inches  wide,  6  inches 
deep,  8  inches  long,  composed  of  ordinary  clay,  highly 
compressed  and  then  burnt.  Each  block  weighs  about 
12  pounds.  The  bed  for  the  pavement  is  levelled  and 
made  up  with  ordinary  ballast,  and  the  joints  between  the 
blocks,  :^-inch  wide,  are  filled  up  with  the  same  material. 

Compound  Wood-and- Stone  Pavement. — Mr.  Newlands,  in 
1855,  tried  a  system  of  paving  granite  sets  and  wood 
blocks  in  alternate  courses,  for  the  purpose  of  lessening 
the  noise  of  granite  pavement.  A  portion  of  Great  Howard 
Street,  Liverpool,  was  paved  in  this  manner,  and,  for  a 
short  time,  it  appeared  to  answer  the  purpose.  But  the 
wood  speedily  became  depressed  below  the  surface  of  the 
granite,  either  by  compression  or  by  wear,  and  the  gaps 
thus  made  between  the  stones  had  the  effect  of  increasing 
instead  of  diminishing  the  noise. 
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Concrete  Pavement. — This  pavement,  designed  by  Mr. 
Joseph  Mitchell,  is  laid  on  a  bed  of  Portland-cement 
concrete,  3  inches  deep.  The  bed  may  be  made  with 
broken  stones  or  with  gravel.  It  is  allowed  to  remain 
10  days  for  consolidation.  Paving  sets,  2i  or  3  inches 
wide,  and  5  inches  deep,  are  huilt  on  the  bed,  with  cement 
mortar,  and  the  joints  are  filled  up  with  cement  grout. 
The  best  cement  only  is  used,  and  the  pavement  becomes, 
in  fact,  a  work  of  masonry  8  inches  deep.  A  piece  of  this 
pavement  was  laid  on  Greorge  lY.  Bridge,  Edinburgh,  in 
1866,  where  the  traffic  was  heavy  and  continuous;  and, 
after  3^  years  of  work,  it  was  in  excellent  order,  water 
running  freely  off  the  surface,  whilst  the  wear  was  scarcely 
perceptible,  and  the  surface  was  said  to  be  much  freer 
from  mud  and  dust  than  ordinary  pavement.  The  cost 
was  said  not  to  exceed  that  of  ordinary  pavement  made 
with  sets  9  inches  deep. 


OHAPTEE  XIX. 

CO]MPAEISON  OF  CARRIAGE-WAY  PAVEMENTS. 

Comparative  Costs. — The  experience  of  wood-pavements 
of  the  best  construction,  and  also  that  of  asphalte,  for  car- 
riage-ways, in  England,  is  of  recent  origin,  and  the  terms  of 
a  comparative  statement  of  their  costs  must  be  approxima- 
tive. The  results  of  various  estimates  already  given,  are 
here  grouped  together  for  easy  reference,  not  as  matured 
estimates,  nor  even  as  d^ta  for  direct  comparison : — 

Granite  Pavement^  in  the  City  of  London,  excluding  Foundation. 

Dur  1  tion .  Total  cost  per  year. 

Gracechurch  Street  (page  185)       25  years  7"92d.  per  square  yard 

London  Bridge  (page  184)     .           9       „  Is.  lOfd.          „          „ 

Five  Thoroughfares  (page  188)       15^     „  Is.    7d.            „          „ 

Wood  Pavements,  in  the  City  of  London,  including  Ballast  Foundations. 
■Carey's— six  thoroughfares  .         lOi^  years        2s.  6d.  per  square  yard 
Improved  Wood — four  do.  .         16     „  (cont.)  2s.  4d.  „  „ 

Asphalte  Pavements,  in  the  City  of  London,  including  Foundations  of 

Concrete. 

Val  de  Travers       ),_  ,      i.s-iH,ij,n^ij  , 

(Compressed)     .  )  ^^  ^'■^"  ^^^""^"^  ^^'  ^*^-  *^  ^^'  ^^^'  P®""  ^^""^^^  ^^""^ 
Limmer  (Mastic)  .     17     „        ,,       Is.  4^d.  to  Is.  7jd.        „  „ 

Bamett's  (    „     )  .     18     „        „  .  Is.  10|d.       „  „ 

An  allowance,  at  the  rate  of  Is.  9d.  per  square  yard  for  the 
first  cost  of  a  concrete  foundation,  may  be  made,  in  esti- 
mating the  addition  to  be  made  to  the  above-noted  costs  of 
granite  pavements,  to  bring  them  into  direct  comparison 
with  the  other  pavements.    But,  the  costs  as  given  for  wood 
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and  asphalte  are  only  nominal.  There  is  reason  for  believ- 
ing that  the  total  cost  for  construction  and  maintenance  of 
wood-pavement  of  the  best  recent  construction  will  be 
found  to  be  much  less  than  the  costs  above  given  for  it ; 
and  that  the  cost  for  asphalte  pavement  will  be  much 
greater  than  the  costs  above  given  for  it. 

The  cost  of  Yorkshire  paving,  3  inches  thick,  laid  in  the 
City  of  London,  amounted,  in  1850,  to  from  6s.  to  6s.  6^. 
per  square  yard  ;  and  the  average  cost  for  repair 
amounted  to  about  one  penny  per  square  yard  per  year. 
After  remaining  down  for  about  18  years  in  principal 
thoroughfares,  the  paving  was  removed  and  relaid  in 
courts  or  in  streets  of  inferior  traffic,  where  it  was  esti- 
mated it  would  last  from  15  to  20  years  longer.  The  total 
life  was  taken  at  36  years,  which  was  about  the  same 
length  of  time  as  the  life  of  granite  carriage-way  pave- 
ment at  the  same  epoch. 

But  it  has  recently,  in  1875,  been  estimated  that  the 
Yorkshire  stone  foot-pavements  of  London,  now  last  only 
7  years  in  the  busiest  localities,  or  12  years  in  localities 
of  small  traffic*  There  appears  to  be  an  error  in  the 
estimate. 

The  cost  of  supplying  and  laying  3-inch  Yorkshire 
flag-stones  in  Liverpool,  before  the  introduction  of  Caith- 
ness flags,  was  from  3s.  6d.  to  3s.  9d.  per  square  yard. 

The  following  table  is  given  by  Mr.  G-.  J.  Crosbie 
Dawson,  for  the  average  costs  of  foot  pavements  : — 

Per  square  yard 
s.      d. 
Yorkshire  Flags         .  .  .  ,  .99 

Asphalte,  Val  de  Travera       ,  ,  .  .60 

Blue  Brick  Paving      .  .  ,  .  .46 

Gravel  Paths .  .  .  .  .  .23 

Comparative  Slipper iness. — Colonel  Haywood,    in    1873, 

♦  The  Guilder,  Jiily  31,  1875,  page  679 
If 
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made  exhaustive  observations  on  the  accidents  to  horses 
on  carriage-way  pavements  in  the  City  of  London: — 
granite,  wood,  and  asphalte.  The  wood  pavements  con- 
sisted of  the  "  Improved  Wood,"  and  the  "  Ligno-Mineral " 
pavements.  The  asphalte  pavement  was  the  Yal  de 
Travers  (compressed). 

The  average  of  50  days'  observations  showed  that 
granite  was  found  to  be  the  most  slippery,  asphalte  next, 
and  wood  the  least.     That, — 

Granite  was  most  slippery  when  dry ;  safest  when  wet. 
Asphalte  „  „     damp;     „        „     dry. 

"Wood  „  „    damp;    „        „     dry. 

The  numerical  data  upon  which  these  conclusions  are 
founded,  are  summarised  in  the  Table  No.  40. 


Table  No.  40. — City  of  London  : — Comparative  Slipperiness 
OF  Carriage-way  Pavements. 


Pavement. 

Distance  travelled  before  a  horse  fell. 

Dry. 

Damp. 

Wet. 

Average 

of 
50  days. 

Granite         .... 
Asphalte      .... 
Wood  (two  kinds) 

Miles. 

78 
223 
646 

Miles. 
168 
125 
193 

Miles. 
537 
192 
432 

MUes. 
132 
191 

330 

1 

Improved  Wood  . 
Ligno-Mineral     . 



446 
58 

Here  it  is  to  be  observed,  that  the  worst  condition  of 
pavement  was  dry  granite,  and  the  best  condition  was  dry 
wood.  The  Ligno-mineral  wood  pavement  is  obviously 
far  inferior,  in  point  of  safety,  to  the  Improved  Wood. 
Improved  Wood  may  be  taken  as  representative  of  other 
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wood-pavements  recently  laid,  in  respect  of  safety  to 
horses. 

Comparative  Convenience. — ^Wood  pavements  make  tlie 
least  noise;  and  asphalte  pavements  make  less  than 
granite.  Of  the  wood  pavements,  the  quietest  are  those 
which  are  laid  on  concrete ;  and  the  closer  the  joints,  the 
quieter  and  steadier  is  the  motion  over  the  pavement. 
Eor,  in  all  wood  pavements,  the  fibre  is  turned  over  at  the 
edges  into  the  interspaces  ;  and  a  series  of  hollows  is 
established  between  the  blocks,  which,  in  the  more  widely 
set  pavements,  give  rise  to  unpleasant  vibration  in  vehicles 
passing  over  them, — like  that  produced  by  a  stiff  spring 
insufficiently  loaded.  Henson's  pavement  is  the  only  one 
in  which  such  vibration  is  prevented ;  and  it  is  no  doubt 
i;he  dryest,  the  smoothest,  and  the  most  silent  of  wood 
pavements,  whilst  it  is  likely  to  be  amongst  the  most 
durable. 

Wood  absorbs  moisture,  and  is  frequently  damp  when 
asphalte  is  dry ;  but  if  it  be  reasonably  clean,  the  damp- 
ness does  not  affect  the  safety  or  the  comfort  of  the  traffic. 
Colonel  Haywood  says  that,  although  some  streets  in  the 
City  have  been  paved  with  wood  for  thirty  years,  no  com- 
plaints of  offensive  smell,  or  of  unhealthiness,  have  been 
made  to  the  Commission. 

The  Committee  of  the  Society  of  Arts,  on  Traction  on 
Roads,  express,  in  their  report,''^  very  strong  sanitary 
objections  to  wood  as  a  material  for  pavements.  Since  that 
report  was  written  the  practice  of  wood  paving  has  been 
much  improved.  As  Colonel  Haywood  puts  it,  *'  in  con- 
fined places,  and  under  some  conditions,  wood  might  be 
objectionable.  I  have  seen  it  decaying  in  confined  places 
without  traffic." 

♦  Printed  in  the  Journal  of  the  Society  of  Arts f  June  25,  1875- 
n2 


CHAPTEE  XX. 

CLEANSING  OF  PAVEMENTS. 

The  dust  and  mud  of  tlie  streets  of  great  towns  con- 
sist generally  of  four  things  : — comminuted  stone,  horse- 
dung,  shoe-iron,  and  shoe-leather.  House-refuse  is  not 
an  unknown  element ;  it  counts  for  something  in  the  mass 
of  articles  that  is  collected  in  and  removed  from  the  streets 
and  roads.  Dr.  Letheby,  in  1867,  analysed  dry  mud  from 
the  streets  of  the  City  of  London, — dried  by  exposure 
for  many  hours  to  a  temperature  of  from  266°  to  300° 
Fahr.  At  the  same  time,  he  analysed,  for  comparison, 
well-dried  fresh  horse-dung,  and  common  farm-yard  dung. 
The  results  of  the  analyses,  for  the  mud  of  stone-pave- 
ments, are  given  in  table  No.  41. 

Table  No.  41. — Composition  op  Mud  from  Stone-paved  Stueets, 
Horse-dung,  or  Farmyard  Dung. 

Dried  at  300°  Fahr. 


1 
Constituents. 

! 

Fresh 
horse- 
dung. 

Farm- 
yard 
dung. 

Mud  from  stone -paved  streets. 

Maximum 

organic  (d  y 

weather). 

Minimum 

organic  (wet 

weather). 

Average. 

Organic 
Mineral 

Per  cent. 
82-7 
17-3 

Per  cent. 
69-9 
30-1 

Per  cent. 
58-2 
41-8 

Per  cent. 
20-5 
79-5 

Per  cent. 
47-2 
52-8 

100-0 

100-0 

100-0 

100-0 

100-0 
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The  higher  proportion  of  mineral  matter  in  wet 
weather  proves  that  in  such  weather  the  abrasion  of 
stone  and  iron  is  greatest.  Dr.  Letheby  estimated  that 
the  average  proportions  of  stone,  iron,  and  dung  in  the 
muds  were : — 

Horse -dung      .         .         ,         .         .67  per  cent. 
Abraded  stone           .         .         .         .       30        „ 
Abraded  iron 13        ,, 

100        „ 

The  mud  was  so  finely  comminuted  that  it  floated 
freely  away  in  a  stream  of  water. 

In  the  mud  of  wood  pavements,  the  proportion  of 
organic  matter  in  the  dried  mud  was  larger  than  in  the 
mud  of  stone  pavements.  It  amounted  to  about  60  per 
cent. 

The  amount  of  moisture  in  the  street  mud  varied  ac- 
cording to  the  state  of  the  weather  : — 

Stone  Pavement. 
In  the  driest  weather 
In  ordinary  weather 
In  wet  weather         ,        . 

By  far  the  greatest  proportion  of  the  detritus  of  mac- 
adamised roads  consists  of  the  worn  material  of  the 
road ;  and  the  important  principle  was  early  revealed 
by  experience,  ''  that  the  oftener  that  streets  are  cleansed, 
the  less  is  the  mud  which  is  created  and  removed,  whilst 
the  attendant  expenses  are  by  no  means  increased,  and 
the  roads  are  kept  in  a  better  state  of  preservation." 
This  principle  is,  besides,  logically  deducible  from  the 
fact  that  the  worn  particles,  if  left  on  the  surface,  act 
as  a  grinding  powder  under  the  wheels  and  the  horses' 
feet,  to  reduce  to  similar  powder  the  surface  of  the  road ; 
and  that  the  mud  which  is  formed  with  the  detritus, 
when   rain  falls    upon    and   is    mixed  with    it,   operates 


Moisture. 

rarely  less  than  35  per  cent. 

481    „ 

„      70  to  90      „ 
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like  a  sponge  in  retaining  tlie  moisture  upon  tlie  sur- 
face. The  upper  crust  as  well  as  the  substratum,  under 
these  circumstances,  become  saturated  with  moisture, 
softened,  and  "  rotten  ;" — ^just  as  a  gravel  footpath,  hard 
and  solid  in  ordinary  weather,  becomes  sodden  and  pulpy 
when  it  is  lapped  for  a  time  by  a  covering  of  half- 
melted  snow.  The  macadamised  carriage-way,  thus  re- 
duced, is  exposed  to  rapid  deterioration  by  the  traffic, 
which  increases  in  a  highly  accelerated  ratio  with  the 
period  during  which  the  road  is  left  uncleansed.  The 
statistics  of  cleansing  unanimously  support  these  conclu- 
sions. Shortly  after  Sir  Joseph  Whitworth  introduced 
his  street-scraping  machine  in  Manchester,  it  was  ascer- 
tained from  calculations  made  by  the  municipal  authorities 
on  the  relative  advantages  of  machinery  and  manual 
labour,  that,  by  cleansing  the  macadamised  streets  with 
the  Whitworth  machine,  three  times  a  week,  the  quantity 
of  mud  produced  on  the  surface  was  only  one-fifth  of 
what  was  produced  when  they  were  swept  by  hand 
twice  in  three  weeks,  and  only  one-thirteenth  of  what 
was  produced  when  they  were  swept  once  a  week.  The 
following  are  the  statistics  referred  to  : — 

Manchestek  : — Area  of  district,  5,500,000  square  yards. 

Average  area 
swept  to 
Loads  produce  a 

removed.  load. 

Square  yards. 
Swept  "by  macliine  three  times  a  week    .     1,285  4,388 

Swept  "by  manual  labour  twice  in  three 

weeks.     Township,  1841-42         .         .     6,400  859 

Swept  by  manual  labour  once  a  week. 

Township,  1838-39      ....  17,000  343 

There  is  a  want  of  harmony  in  this  statement,  from 
which  it  appears  that  by  hand-scraping  once  a  week 
more  mud  was  collected  than  by  scraping  once  in  10  days 
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There  was  probably  a  difference  of  circumstances,  as 
there  was  an  interval  of  three  years  between  the  two 
series  of  observations.  Be  that  as  it  may,  it  is  obvious 
that  the  more  frequent  cleansing  performed  by  the  ma- 
chine, was  instrumental,  not  only  in  keeping  the  streets 
in  better  condition,  but  in  reducing  the  tear  and  wear 
of  the  streets,  as  represented  by  the  decreased  quantity 
of  detritus  which  was  generated  and  removed.* 

When  a  road  is  very  soft,  it  should  not  be  touched; 
or,  at  the  most,  only  the  loose  liquid  mud  should  be 
removed,  by  light  sweeping,  with,  at  the  same  time,  a 
copious  use  of  water.  When  a  road  is  in  a  soft  con- 
dition, and  is  covered  with  a  thick  tenacious  mud  which 
adheres  to  the  stones,  it  is  a  common  opinion  that  the 
use  of  water  injures  the  road  by  softening  the  surface, 
and  causing  a  removal  of  the  material.  But  the  truth 
is  exactly  the  reverse.  A  road  in  this  condition  can- 
not be  effectually  cleansed  without  water: — by  the  free 
use  of  water,  the  mud  is  softened,  is  liquefied,  and  is 
easily  removed  without  impairing  the  integrity  of  the 
surface,  or  removing  the  useful  grit. 

The  difficulty  and  cost  of  cleansing  streets  effectually 
by  hand-labour,  are  materially  diminished  by  the  sub- 
stitution of  the  sweeping  machine.  The  Whitworth 
machine  has  been  much  employed  for  cleansing  streets. 
The  apparatus  consists  of  a  series  of  broad  brooms, 
usually  about  30  inches  wide,  attached  to  a  pair  of 
endless  chains  which  turn  upon  an  upper  and  a  lower 
set  of  pulleys  suspended  in  a  light  wrought-iron  frame, 
behind  a  cart,  the  body  of  which  is  near  the  ground. 
As  the  cart-wheels  revolve,  they  communicate,  by  gear- 
ing, a  rotary  motion  to  the  pulleys  carrying  the  endless 

*  See  a  paper  "  On  the  Present  State  of  the  Streets  of  the  Metro- 
polis," Proceedings  of  the  Imtitution  of  Civil  Engineers,  1843;  vol.  ii 
page  202. 
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chains  and  the  brooms  attached  to  them  ;  the  brooms 
being  sufficiently  lowered  so  as  to  bear  upon  the 
surface  of  the  street,  they  successively  sweep  the  sur- 
face, and  carry  up  the  soil  on  an  inclined  carrier-plate, 
over  the  top  of  which  it  is  dropped  into  the  receptacle. 
The  oblong  arrangement  of  brooms,  effected  by  the  em- 
ployment of  the  endless  chains,  contrasts  favourably  with 
a  simply  circular  or  revolving  broom;  for  the  ends  of 
the  brooms  move  most  rapidly  in  the  act  of  revolving 
on  the  lower  pulley,  whilst  they  are  in  contact  with 
the  ground,  and  they  move  towards  the  upper  end  at 
a  less  speed,  whilst  conveying  the  soil  up  the  incline. 
In  turning  over  the  upper  pulley,  the  velocity  of  the 
ends  of  the  brooms  is  again  raised  to  the  maximum, 
and  the  mud  is  at  this  place  stripped  from  them  by 
a  bar  called  a  "  doctor."  If,  for  instance,  the  horse 
travels  at  the  rate  of  3  miles  per  hour,  the  speed  of 
the  brooms,  whilst  sweeping  the  ground,  is  9  miles  per 
hour  ;  whilst  passing  under  the  doctor,  6  miles  per  hour  ; 
whilst  they  convey  the  mud  up  ihe  incline  at  3  miles  per 
hour.  The  brooms  are  raised  and  lowered  by  hand, 
by  means  of  a  coiled  spring  and  chain.  The  spring 
relieves  the  pressure  of  the  brooms  upon  ih.e  ground, 
according  to  the  inequalities.  A  strong  horse  is  required 
to  work  and  to  draw  the  machine. 

The  area  of  surface  swept  daily  in  Manchester,  in  1847, 
Ijy  one  of  Whitworth's  machines,  with  one  man  and 
one  horse,  varied  from  14,000  to  20,000  square  yards. 
The  quantity  removed  amounted  to  from  one  to  three  loads 
per  acre,  according  as  the  surface  was  dry  or  wet.*  The 
cost  of  working  each  machine  was  from  10s.  to  15s.  per  day, 
exclusive  of  all  the  expenses  attending  the  disposal  of 
the  sweepings,  &c.    Sweeping  continuously,  each  machine 

*  "Mechanical  Street  Cleansing,"  Proceed ii/gs  of  the  lustitution  of 
Civil  Engineers,  1847  ;  vol.  vi.  p.  431. 


CLEANSING   OF   PAVEMENTS.  273 

would  cleanse,  in  a  day,  a  strip  of  roadway  30  inches  wide, 
and  20  miles  long,  making  an  area  of  29,334  square  yards. 
As  a  fact,  more  than  30,000  square  yards  have  been  swept 
in  a  day.  But,  a  third,  at  least,  of  the  whole  time  that 
the  machine  is  at  work,  is  consumed  in  conveying  it  to 
and  from  the  place  of  deposit,  and  unloading.  During  the 
second  half  of  the  year  1843,  each  machine  swept  an 
average  of  18,189  square  yards  per  day,  in  Manchester. 
Against  this  performance  it  appears,  from  official  returns, 
that  in  the  years  1840 — 42,  each  able-bodied  man  em- 
ployed swept,  on  an  average,  1,190  square  yards  per  day, 
and  each  pauper  swept  about  600  square  yards.  From 
these  data,  it  appears  that  the  effective  work  of  one 
machine  equalled  the  work  of  17  able-bodied  sweepers. 
The  comparative  costs  may  be  placed  as  follows : — 

Sweeping  by  hand : — 

Seventeen  sweepers  at  2s.  per  day .  343. 

Cart,  horse,  and  driver  ...  8s.  42s.  per  day. 

Sweeping  by  machine,  say     .         .         .  —  13s.      „ 

Difference,  saving  by  machine  .  .         29s.      „ 

showing  that  the  cost  by  machine  was  less  than  one-third 
the  cost  of  manual  labour. 

In  Salford,  the  results  of  comparative  trials  of  sweeping 
by  hand  and  by  machine,  showed  that  the  cost  of  cleansing 
was — 

Square  yards  Per  square 

per  day.  yard. 

By  hand      .         .     £674  8s.  8d.  sweeping  15,904  .  lO'lHd. 

By  one  machine .     £195  9s.  5d.        „         14,165  .  3-31 

In  Birmingham,  according  to  Mr.  Pigott  Smith,  the 
extent  of  surface  of  urban  carriage-way,  swept  by  eight 
machines,  was  254,000  square  yards.  The  whole  of  this 
area  was  macadamised,  and  was  kept  well  cleansed  by  the 
eight  machines.  The  area  of  surface  averaged  about  32, 000 
square   yards  for  one  machine,  which  would   have  been 

N  3 
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traversed  three  times  a  week,  allowing  a  traverse  of 
16,000  square  yards  per  day.  *'I  keep  the  brooms,"  says 
Mr.  Smith,  ''  suitable  for  the  weather :  if  very  wet,  I  use 
new  brooms  ;  if  dry  and  sticky,  I  use  those  that  have  been 
worn  down ;  if  very  sticky,  I  send  out  water-carts  before 
the  machines,  and  the  effect  is  excellent.  I  endeavour  to 
do  all  the  sweeping  between  the  houi-s  of  two  and  eight  in 
the  morning."  In  1846,  8,339,760  loads  of  water  were 
laid  on  the  streets,  at  a  cost  of  £1,788  : — partly  to  prevent 
dust,  partly  to  facilitate  the  cleansing.  When  the  sweep- 
ing-machines were  charged,  they  were  drawn  to  the  gully- 
grates,  into  which  the  fluid  portion  of  the  material  swept 
up  was  allowed  to  drain  off,  whilst  the  grit  remaining  at 
the  bottom  was  used  as  binding. 

Mr.  Pigott  Smith,  referring  to  his  experience  of  the 
roads  in  Birmingham,  communicates  some  important  data 
on  the  reduction  of  waste,  and  the  saving  of  material  for 
the  repair  of  roads  which  are  efficiently  cleansed.*  "Long 
experience  has  demonstrated  that  by  the  use  of  the  sweeping 
machines,  with  the  proper  employment  of  water,  a  saving 
of  full  one-third  of  the  material  required  for  the  repair  of 
the  roads  has  been  effected  in  one  particular  district  in 
the  Borough  of  Birmingham.  The  following,"  he  con- 
tinues, ''  is  the  result  of  an  experiment  to  ascertain 
whether  useful  grit  was  or  was  not  removed  by  water 
with  machine-sweeping.  On  the  22nd  of  March,  1849,  the 
Quadrant,  Regent  Street,  London,  was  covered  with  a 
thick  layer  of  adhesive  mud,  which  was  causing  great 
annoyance,  as  well  as  considerable  injury  to  the  road,  but 
could  not  be  taken  up  by  scraping,  without  removing  also 
much  of  the  new  stone  to  which  it  adhered.  It  was  deter- 
mined to  sweep  one  half  of  it  whilst  dry,  and  the  other 
half   after   proper   watering.      This  was    done,    and   the 

*  "  Macadamised  Roads,"  in  the  Proceedings  of  the  Institution  of 
Civil  Engineers,  18o3-o4: ;  vol.  xiii,  page  226. 
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sweepings  were  washed,  to  separate  the  refuse  from  the 
strong  matter  mixed  with  it.  It  was  found  that  one-thii  d 
of  that  which  was  taken  up  dry,  consisted  of  coarse  grit, 
which  would  have  been  useful  on  the  road ;  whilst  one- 
twelfth  part  only  of  that  which  was  removed  in  the  form 
of  liquid  mud  was  stony  matter,  and  it  was  so  completely 
pulverised,  as  to  be  of  scarcely  any  use.  After  the  two 
portions  of  the  road  had  been  cleansed,  the  difference 
between  them  was  very  striking :  that  which  was  swept 
whilst  dry  was  still  covered  with  adhesive  mud,  which, 
together  with  the  stones  to  which  it  adhered,  was  lifted  by 
the  wheels,  the  whole  road  being  rough  and  uneven, 
whilst  the  portion  which  had  been  swept  after  watering 
was  smooth  and  even.  On  the  24th,  both  portions  were 
again  swept,  but  only  one  quarter  as  much  dirt  was  taken 
from  that  which  had  been  water-swept  as  from  that  which, 
being  in  a  sticky  condition,  had  been  swept  without  the 
addition  of  water.  On  the  26th,  rain  fell,  and  three  times 
as  much  slop  was  taken  off  the  part  of  the  road  which 
had  not  been  swept  on  the  22nd.  The  preservative  effect 
of  water-sweeping  by  mechanical  means,  was  demonstrated 
by  the  decidedly  better  condition  of  that  portion  of  the 
road  so  cleansed." 

The  detritus  of  the  material  of  a  granite  pavement  con- 
stitutes but  a  very  small  proportion  of  the  total  quantity 
of  mud-forming  dust.  Colonel  Haywood  exemplified  this 
proportion  in  an  interesting  manner,  taking  the  instance  of 
the  granite  pavement  of  London  Bridge, — 3-inch  Aberdeen 
granite  sets, — which  was  removed  in  1851,  after  having 
been  down  nine  years.  The  average  loss  of  granite  over  an 
area  of  3,950  square  yards,  he  estimated,  was  equal  to 
2  inches  of  vertical  wear.  The  total  volume  of  granite 
worn  away  was,  therefore,  about  21 9|^  cubic  yards,  assum- 
ing that  the  surface  was  a  continuous  mass  of  granite, 
though  there  was  of  course  a  considerable  superficial  area 
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of  joints.  Assuming  that  the  granite  worn  off  was  re- 
duced to  the  state  of  fine  powder,  it  was  increased  in  bulk 
probably  one  half,  and  its  volume  had  been  (21 9^  x  H  =) 
329^  cubic  yards.  Adding  5  per  cent,  for  the  loss  upon 
stones  removed  and  replaced  from  time  to  time,  the  total 
quantity  worn  off  and  reduced  to  powder,  and  carried 
away,  mixed  with  the  dust  of  the  street,  and  mud,  would 
only  have  amounted  to  345-7  cubic  yards  for  nine  years, 
equivalent  to  a  wear  of  -105  cubic  yard — about  a  tenth 
of  a  cubic  yard — per  day.  Whereas,  the  quantity  of  dust 
removed,  daily,  in  dry,  calm  weather,  was  from  3  to  3^ 
cubic  yards, — over  thirty  times  as  much  as  the  granite 
detritus.  So  much  for  horse-droppings  and  shoe-leather, 
which  must  have  constituted  29-30ths  of  the  total  accu- 
mulation,— independent  of  the  contributions  of  house- 
refuse,  in  the  inhabited  streets. 

Seeing  that,  according  to  the  results  of  these  observa- 
tions, the  granitic  element  of  the  refuse  constituted  little 
more  than  3  per  cent,  of  the  whole,  the  evidence  of  the 
exceedingly  greater  wear  of  a  macadam  surface  is  strik- 
ingly exhibited  in  the  contrast  of  the  comparative  costs 
for  cleansing  the  two  kinds  of  surface.  Mr.  Royle  states 
that,  in  the  spring  of  1870,  there  were  laid  in  Chester 
Street,  Manchester,  10,000  square  yards  of  granite  pave- 
ment, and  an  area  of  equal  extent  of  macadam.  The 
condition  of  each  surface  was  maintained  uniform  through- 
out the  period  of  trial,  by  sweeping,  for  which  the  respec- 
tive costs  were  9id.  per  1,000  square  yards,  and  5s.  2^d. 
per  1,000  square  yards, — in  the  ratio  of  1  to  7.  The 
average  costs  throughout  the  year,  ranged  in  the  ratio  of 
1  to  5 .  The  great  bulk  of  the  excess  for  macadam,  com- 
pared with  pavement,  must  have  been  due  to  the  vastly 
augmented  wear  of  granite,  even  under  equal  traffics, 
since  the  dust  and  mud  from  other  sources  must  have  been 
the  same — as  a  constant  quantity — for  both. 
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In  Eeading,*  which  has  about  23  miles  of  macadam 
roads,  17  miles  are  watered  twice  a  day  ;  for  which  pur- 
pose 11  watering-carts  and  barrels,  and  4  hand-watering 
machines,  have  been  employed.  One  cart  waters  a  length 
of  5,962  lineal  yards,  having  an  area  of  23,849  square 
yards,  twice  a  day,  at  a  cost  of  8s.  for  horse,  cart,  and 
man,  and  Is.  bd.  for  maintenance  of  cart,  and  harness, 
and  shoeing  ;  total,  9s.  bd.  per  day.  "With  one  hand- 
machine,  23,740  square  yards  are  watered  twice  daily 
at  a  cost  of  2s.  \0d.  each  for  two  men,  and  Id.  for  main- 
tenance ;  making  a  total  daily  cost  of  6s.  3d. 


Area  watered 

Cost 

Water  delivered 

twice  duly. 

per  day. 

per  square  yd. 

One  water-cart 

23,849  square  yards 

9s.  od. 

0-51  gallons 

One  hand- machine 

23,740 

6s.  3d. 

1-30       „ 

Watering  the  Streets  of  the  City  of  London  with  Jet  and 
Hose. — In  1867,  and  1872,  experiments  were  made  in 
washing  the  carriage-ways  of  Cheapside  and  the  Poultry 
when  laid  with  granite  pavement,  and  afterwards  with 
asphalte  pavement.  The  asphalte  pavement  of  Old  and 
New  Broad  Streets  was  likewise  washed  experimentally. 
Hydrants  were  erected  in  Cheapside,  at  distances  of 
33  feet  apart,  and  in  Broad  Streets  at  140  feet  apart. 
Six  men  were  employed  at  each  washing  of  Cheapside 
in  the  first  trial,  and  10  men  in  the  second  trial ;  for 
which  two  jets  of  water  were  used  during  the  time  of 
the  first  trial.  The  work  of  the  10  men  in  the  second 
trial  was  thus  distributed: — four  in  playing  the  jets, 
two  in  moving  the  hose  from  place  to  place,  and  four 
with  brooms  in  sweeping  the  surface  of  the  asphalte, 
and  keeping  the  channels  free  from  straw  and  larger 
refuse.  These  men  also  used  "  squeegees"  (india-rubber 
sweeps)  to  dry   the  surface  of  the  asphalte.     Of  the  six 

•  Mr.  EUice-Clark's  Repoyf,  images  25,  26. 
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men  employed  on  the  granite  pavement,  four  played  the 
j  ets,  and  two  moved  the  hose,  and  plied  the  brooms. 

Table  No.  42. — Washing  Carriage-way  Pavements  with 
Jet  and  Hose. 

Eefcultg  of  Experiments  in  the  City  of  London. 


1867. 

1872.                     1 

Granite 

Asphalte 

pavement. 

Pabticulars. 

pavement. 

Cheapside, 
fro 

Cheapside, 

Broad 

OtC. 

&c. 

Streets. 

Length   ....    feet 

2,000 

2,000 

1,436 

Area  of  pavement  washed 

square  yards 

9,792 

10,353 

3,671 

Time  washing 

2h.  19m. 

2h.  4m. 

Ih.  3  m. 

Area  washed  per  hour 

square  yards 

4,220 

5,000 

3,500 

Water  consumed     .       gallons 

19,500 

19,726 

9,786 

Do.         do.        per    square 

yard     .         .         .       gallons 

1-99 

1-90 

2-66 

Cost  for  lahour 

9s.  lOfd. 

98. 

4s.  lUfd- 

Cost  for  water,  at  6d.  per  1,000 

gallons          .... 

9s.  9d. 

9s.  10|d. 

4s.  9d. 

Cost  for  lahour  and  water,  one 

day's  washing 

19s.  7|d. 

18s.  lOid. 

9s.  7|d. 

Cost  for  lahour  and  water,  per 

square  yard;         .         pence 

•0241 

•0218 

•0315 

Cost  for  lahour  and  water,  per 

square  yard,  per  year ;  pence 

7-510 

6-823 

9  859 

Add  for  supervision,  preparing 

apparatus,    wear   and    tear. 

&c.,  20  per  cent.  . 

1-500 

1  377 

1-972 

Total  cost      . 

9-010 

8-200 

11-831 

The  granite  pavement  was  more  thoroughly  cleansed 
by  hose  than  in  the  ordinary  way,  by  scavengers.  The 
cost  of  washing  asphalte  was  only  3  or  4  per  cent,  less 
than  that  for  granite. 

Mr.  T.  LoviclSs  Experiments  in  Washing  the  Streets  of 
London. — In  evidence  before  the  General  Board  of  Health, 
in  1850,  Mr.  Lovick  stated  that  in  surface-cleansing  by 
a  jet  and  hose,  illustrated  in  Figs.  57  and  58,  the  quantity 
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of  water  consumed  was  at  the  rate  of  rather  less  than 
1  gallon  per  square  yard  of  surface  of  carriage-way, 
working  at  "  extremely  low  pressures."  He  mentions 
experiments  made  by  Mr.  Lee,  at  Sheffield,  with  ''very 
high  pressures,"  in  which  Mr.  Lee  effected  the  cleans- 
ing with  a  consumption  of  less  than  a  third  of  a  gallon 
per  square  yard.  Mr.  Lovick  estimated  that  the  foot- 
paths eauld  be  cleansed   with  a  consumption  of  half  a 
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Fig.  57. — Cleansing  the  Surfaces  of  Streets. 


gallon  of  water  per  square  yard.  He  adds  that  the 
daily  cleansing  could  be  effected  at  a  cost  of  Sd.  per 
house  per  week,  exclusive  of  the  cost  for  water;  for 
which  he  allowed  28  square  yards  of  carriage-way  and 
1 6  square  yards  of  footway,  per  house.  At  this  rate, 
the  first  item  of  cost  per  square  yard  of  surface  would 
amount  to  S^d.  per  square  yard  per  year.  For  water, 
the   cost   at    6d.   per    1,000    gallons,  would   be    Ihd    per 
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square  yard  per  year.     The  total  cost  would  be  5d.  per 
square  yard  per  year. 

Mr.  Lovick,  at  the  same  time,  estimated  that  the  cost 
of  cleansing  by  ordinary  scavengi.  g  was  nearly  doub.e 


Fig.  58. — Cleansing  close  Courts  and  Alleys. 

the  cost  by  jet  and  hose,  whilst  the  jet  had  been  shown 
to  be  much  more  efficacious  in  removing  evaporating 
matter  and  filth.* 

*  Ho  was  able  "  not  only  to  cleanse  the  pavements  by  this  means, 
but  also  to  cleanse  the  walls  from  urine  stains  and  other  filth." 
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It  has  been  found,  as  the  result  of  special  observa- 
tions, that, — 

'For  4  loads  of  mud  or  slop  removed  from  a  macadam 

surface, 
1  load  is  removed  from  a  granite  pavement ;  and 
^  load  is  removed  from  a  wood  pavement. 

Cleansing  in  Paris. — In  Paris,  since  1855,  many  attempts 
have  been  made  to  substitute  sweeping  machines  for 
hand  labour.  But  the  inconvenience  attending  their 
use — the  need  for  a  depot  to  hold  them  when  not  in 
use,  the  need  for  horses  to  work  the  in,  and  the  diffi- 
culties of  continuously  employing  them  in  frequented 
thoroughfares, — have  hitherto  prevented  their  being  gene- 
rally employed.  One  of  these  machines,  constructed  by 
M.  Tailfer,  which  worked  very  well,  performed  the 
work  of  8  or  10  sweepers.  It  is  fitted  with  a  revolving 
brush,  5  feet  8  inches  long,  placed  obKquely,  and  sweep- 
ing a  breadth  of  5  feet  at  one  passage. 

In  some  comparative  trials  which  were  made,  one  man, 
with  a  good  brush,  swept  720  square  yards  of  macadam 
per  hour,  dry,  lightly  watered,  without  heaping  the  mud ; 
480  square  yards  covered  with  liquid  mud ;  360  square 
yards  covered  with  thick  mud.  On  a  paved  street,  he 
swept  from  600  to  820  square  yards  per  hour. 

M.  Tailfer' s  machine  performed  the  work  of  7  men  in 
the  first  case  just  recorded,  10  men  in  the  second  case,  and 
12  men  in  the  third  case  ;  but,  in  the  third  case,  the  work 
was  not  perfect.  Taking  all  charges  into  the  account,  it 
appeared  that  the  work  done  by  the  machine  cost  about 
the  same  as  the  work  done  by  hand,  but  it  was  done 
much  more  expeditiously. 


CHAPTEE  XXI. 

MOUNTAIN-ROADS. 

The  first  thing  to  be  observed  by  tbe  engineer  in  lay- 
ing out  a  mountain-road,  is  that  he  should  personally 
examine  every  possible  route  before  deciding  upon  the 
line  to  be  followed.  An  old-established  line  of  traffic 
should  not  be  hastily  abandoned  for  one  that  presents 
greater  engineering  facilities,  and  apparently  equal  com- 
mercial advantages.  Major  James  Browne*  mentions  an 
instance  where,  in  one  district  of  the  Punjab,  a  new 
road  was  made  from  the  hills  to  the  plains,  which,  it  was 
thought,  would  at  once  draw  away  all  traffic  from  the 
old,  circuitous,  and  greatly  more  difficult  line.  Never- 
theless, the  old  road  is  used,  and  the  new  one  is  not 
used,  for  the  simple  reason  that,  whereas  both  lines  are 
thickly  wooded,  the  trees  on  the  new  line  are  acacias  and 
thorn  bushes,  whilst  those  on  the  old  line  provide  excellent 
forage  for  the  beasts  of  burden,  for  five  days'  march. 
Major  Browne  adds,  that  the  natives  of  India  have 
generally  had  good  economical  and  local  reasons  for  the 
selection  of  their  old  lines  of  traffic. 

The  broad  princij)le  most  generally  applicable  in  the 
selection  of  mountain-roads,  is,  according  to  Major  Browne, 
— "The  best  line  lor  a  mountain-road  is  that  on  which 
the  total  sum  of  the  ascents  and  of  the  descents  between 

*  "  On  the  Tracing  and  Construction  of  Roads  in  Mountainous 
Tropical  Countries." — Froceedings  of  the  Institution  of  Civil  Engineer  a 
1873-4 ;  vol.  xxxviii.  page  67. 
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the  extreme  points,  is  the  least."  At  elevations  exceed- 
ing 8,000  feet,  attention  is  to  be  given  to  the  action  of 
snow  in  winter ;  for  want  of  such  consideration,  roads, 
otherwise  well  laid  out,  are  rendered  impassable,  for 
many  weeks,  by  avalanches.  In  the  Himalayas,  the 
northern  slopes  are  thickly  wooded,  where  the  southern 
slopes  are  bare.  The  wooded  side  should  be  selected ; 
for  the  trees  break  the  force  of  the  rain  as  it  falls,  and 
the  road  is  better  protected  than  it  would  be  on  the 
bare  hillside.  Where  the  road-trace  crosses  a  deep 
chasm  formed  by  a  river,  the  approaches  should  be  laid 
down  stream,  to  have   the   benefit    of  the    slope    of  the 


Fig.  59. — Road-Trace  approaching  a  deep  Chasm. 

river  bed.  Major  Browne  illustrates  this  proposition, — 
by  drawing  the  horizontal  line,  r  h.  Fig.  59,  through 
the  point  e,  where  the  road  is  to  cross  the  sloping  bed 
of  the  river,  A  b,  parallel  to  the  bank,  c  d,  of  the  vertical 
height  E  M.  Draw  e  f  and  e  g  through  e,  making  equal 
angles  with  the  horizontal  line.  The  down-stream  trace 
clears  the  bank  in  the  distance  e  f,  which  is  shorter  than 
the  up-stream  trace  e  g.  The  distinction,  though  obvious, 
is  frequently  overlooked. 

Heavy  expenses  and  difficult  drainage  are  often  avoided 
by  the  use  of  zig-zags  in  the  route.  In  marking  out  the 
formation-level,  cuttings  which  would  exceed  10  or  15 
feet  in  depth  should  be  avoided,  if  possible.     In  the  stony 
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soil  of  a  hilly  country,  no  trustworthy  information  is  to  he 
had  by  boring,  for  rock  of  the  toughest  and  hardest  de- 
scription may  crop  up  where  least  expected.  In  tracing 
a  Himalayan  cart-road,  length  is  the  main  thing  sought 
for,  to  surmount  the  immense  heights  met  with.  Every 
possible  foot  of  rise  should  be  gained,  and  never  lost. 

The  steepest  admissible  gradient  for  an  unmetalled 
mountain  cart-road  in  India,  is  usually  considered  to  be 
1  in  18,  or  5-55  in  100.  Where  the  trace  rises  steadily, 
the  gradient  is  broken  at  every  500  or  600  yards  by 
100  feet  or  so,  of  slight  counter-slope,  not  merely  to  ease 
the  cattle,  but  also  to  break  the  drainage. 

Mr.  Dobson,  writing  from  his  experience  of  road-making 
in  New  Zealand,*  says  that,  whilst,  in  level  districts,  it  is 
sometimes  worth  while  to  incur  considerable  cost  for  the 
sake  of  avoiding  inclines  steeper  than  1  in  30,  in  hilly 
country,  a  gradient  of  1  in  10  may  often  be  considered 
a  fair  working  gradient ;  that  a  gradient  of  1  in  9  is  a 
limit  which  should  not  be  exceeded  for  a  cart-road,  and 
that  it  is  seldom  worth  while  to  increase  constructive  costs 
for  the  sake  of  attaining  gradients  flatter  than  1  in  22. 

In  India,  the  usual  width  of  a  mountain  cart-road  varies 
fiom  18  feet  in  open  ground,  to  12  feet  along  cliffs  or  in 
very  difficult  places ;  the  maximum  gradients  vary  from 
1  in  18  to  1  in  25.  The  metalled  road-surface  in  cutting 
along  a  mountain-side,  is  usually  sloped  inwards  from  the 
outside,  at  the  rate  of  1  in  18.  The  metalling  consists  of 
a  9-inch  layer  of  broken  granite,  kunkur  rock  (a  concre- 
tion of  carbonate  of  lime),  or  coarse  slate  shingle. 

The  cost  of  the  construction  of  a  road  in  India,  ex- 
clusive of  metalling,  according  to  Major  Browne,  may 
vary  from  £1,500,  where  the  bridging  is  light  and  labour 
is  abundant,  to  £2,700  per  mile,  where  the  excavation  is 
heavy  and  the  labour  is  scarce.  An  addition  of  £300  per 
*  "Pioneer  Engineering,"  page  61. 
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mile  is  to  be  made  for  metalling,  which,  would  be  at  the 
rate  of  about  Id.  per  square  yard.  A  portion  of  the 
Hindustan  and  Thibet  road, — an  unmetalled  mule-road, — 

7  feet   in  width,    with  gradients    of  from 

1  in  6  to  1  in  4,  cost  about  £500  per  mile.  1 1  ^ 

The  Grand    Trunk  road,    in    India,   837  | !  | 

miles   in    length,    constructed   to     connect  el  i  5-J 

distant    parts    of   the  Bengal    Presidency,  -j|  gui; 

has  been  in  use  for  uj)ward  of  25  years.    It  1 1  ^ 

is  raised  at  every  part,  about  18  inches 
above  the  greatest  known  height  of  in- 
undations. The  standard  width  of  the  O'f 
surface  was,  in  the  first  instance,  30  feet ; 
this  was  afterwards  increased  to  40  feet, 
with  side  slopes  of  4  to  1.  The  central 
portion,  16  feet  wide,  is  metalled  with 
broken  granite,  or  kunkur,  which   is   laid 

8  inches  thick,  and  is  rolled  or  beaten  down  ,^f 
to  6  inches,  by  which  means  a  smooth  road 
is  formed.  When  reduced  by  wear  to  a 
thickness  of  4  inches,  which  is  generally 
done  in  three  years,  the  surface  is  picked 
over  to  the  depth  of  half  an  inch,  and  a 
thickness  of  4  or  5  inches  of  new  metal  is 
laid  upon  it ;  and  it  is  again  rolled  or 
rammed,  and  at  the  same  time  well  watered, 
to  bind  and  consolidate  the  new  material. 
It  is  calculated  that  the  whole  depth  of 
metalling  is  renewed  every  six  years.  The 
cost  of  the  road  is  about  £500  per  mile, 
exclusive  of  large  bridges.  The  cost  of 
laying  the  metaUing  is  stated  as  £162  2s.  per  mile,  or 
%'22d.  per  square  yard ;  the  cost  for  repair  and  main- 
tenance of  metalling  is  £23  12s.  per  mile,  or  1-38^.  per 
square  yard  per  year. 
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The  usual  section  for  a  first-class  road  in  India,  like 
what  has  just  been  described,  is  shown  in  embankment, 


Fig.  61.— Eoads  in  India :— First-class  Road  in  Heavy  Cutting. 

in  Fig.  60  ;  and  in  hea^y  cutting  in  Fig.  61.     Hill  roads 
are  shown  in  section  in  Figs.  62,  63,  and  64. 


Fig.  63.— Eoads  in  India :— Hill  Road. 


The  vertical  lines  of  cliffs  present  the  most  formidable 
obstacles  to  the  formation  of  a  road  along  their  faces.     In 
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Fig.  65,  if  A  B  c  be  the  section  of  the  cliff,  and  the  rock  be 
sufficiently  hard  and  stiff,  a  half-tunnel  like  d  e  f  may  be 


Fig.  64.— Eoads  in  India:— Hill  Eoad. 


Fig.  66.— Formation  of  a  Road  in  the  fiice  Fig.  66.— Formation  of  a  Eoad  in 

of  a  Cliff.  the  face  of  a  Cliff. 


"blasted  out  j  but  if  it  be  too  soft  and  rotten  to  admit  of  this 
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being  done,  tlie  best  plan,  if  the  cliff  be  of  any  great  heigbt, 
B  F,  above  tbe  formation  level,  is  to  blow  out  the  whole  piece 
G  E  F  by  a  large  mine  at  E.  Mining  should  not,  as  a  rule, 
be  employed  where  there  is  a  chance  of  the  strata  being 
blown  out  downwards,  according  to  the  dip ;  for  a  piece 
may  be  blown  out,  like  the  shaded  portion,  Fig.  66,  when 


•      •       •      !t      •  ^    • 

^  <v  a  <t  s    ^ 
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Fig.  67.— Mo  Je  of  formation  of  a  Eoad  in  the  face  of  a  Cliff. 


much  time  and  expense  are  entailed  in  rectifying   the 
level. 

The  general  mode  of  attacking  a  vertical  cliff,  and  of 
forming  a  half -tunnel,  is  shown  in  Fig.  67.  The  large 
blasts,  a,  a,  a,  a,  driven  8  feet  in  depth,  at  an  angle  of  45°, 
are  7  feet  3  inches  apart  horizontally,  and  5  feet  vertically. 
The  small  holes  h,  h,  &c.,  3  feet  apart  and  3  feet  deep, 
which  are  not  fired,  serve  to  determine  and  facilitate 
rupture  at  the  proper  level.     These  blasts,  when  fired, 
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generally  blow  out  or  loosen  a  piece  like  A  b  c  d.  The 
remaining  space,  b  e  f,  is  blown  out  in  the  same  manner.* 

"It  sometimes  happens,"  says  Mr.  Dobson,  "that  ad- 
vantage can  be  taken  of  the  natural  stratification  to  econo- 
mise work  in  a  long  side-cutting.  This  was  done  by  the 
Author  in  the  case  of  a  road  over  Evan's  Pass,  at  Port 
Lyttelton,  New  Zealand.  The  descent  of  the  Pass  was  on 
the  side  of  a  long  volcanic  spur,  formed  by  a  succession  of 
lava  streams,  dipping  at  an  angle  of  1  in  12,  the  lower 
part  of  each  lava  stream  being  hard  volcanic  rock,  whilst 
the  upper  portion  was  soft  and  easily  worked. 

"  The  line  was  originally  set  out  with  a  gradient  of  1  in 
17,  which  would  have  entailed  a  series  of  cuttings  through 
the  hard  rock,  and  retaining-walls  in  front  of  the  softer 
portions.  By  altering  the  gradient,  however,  to  that  of 
the  lava-streams,  a  solid  floor  was  obtained  throughout, 
the  retaining-walls  were  dispensed  with,  and  the  excava- 
tion was  made  chiefly  in  soft  material.  The  alteration 
effected  considerable  saving  in  time  and  first  cost,  as  well 
as  in  the  cost  of  maintenance."! 

*  These  particulars  are  derived  from  Major  Browne's  paper,  already 
referred  to. 

t  See  Mr.  Dobson' s  work  on  Fioneer  Engineering  for  valuable  infor- 
mation on  the  tracing  of  roadg  in  mountainous  districts. 


CHAPTEE  XXIL 
RESISTANCE  TO  TRACTION  ON  COMMON  ROADS. 


In  investigations  into  the  resistance  to  wheels  on  com- 
mon roads,  it  is  usual  to  construct  a  diagram  showing  a 
wheel  on  a  horizontal  plane  in  contact  with  a  stone,  over 
which  it  is  to  be  pulled ;  and  the  force  required  to  pull  it  over 
the  obstacle  is  calculated.  But  this  is  not  the  kind  of  re- 
sistance worth  investigating,  and  it  certainly  has  no  relation 
to  the  kind  of  resistance  which  is  usually  opposed  to  the 
wheels  of  vehicles  on  inferior  roads.  The  resistance  is 
that  of  a  medium  distributed  over  the  submerged  por- 
tion of  the  circum- 
ference of  the 
wheel,  in  advance 
of  the  perpendic- 
ular line  drawn 
from  the  centre  of 
the  wheel  to  the 
plane  of  the  road. 
Let  a  oh  he  such  a 
wheel  drawn  over 

Fig.  68.— Rolling  Resistance  to  Traction.  the  horizontal  sur- 

face c  d  e  of  the  road,  in  the  direction  o  f;  and  let  the 
road  be  of  such  a  consistency  that  the  wheel  penetrates 
to  the  depth  d  h  below  the  surface,  leaving  a  track 
b  g  behind  it.  The  arc  J  t?  is  the  submerged  portion  of 
the  circumference,  and  it  may  be  assumed  to  be  identical 
with  the  chord  of  the  arc,  h  o.     Now.  the  resistance  is  dis- 
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tributed  over  the  surface  h  c,  and  it  may  be  taken  as  acting 
on  this  surface  perpendicularly  to  the  plane  of  the  road,  or 
vertically  and  directly  opposed  to  the  gross  weight  con- 
sisting of  the  weight  of  the  wheel  and  the  load  upon  it. 
To  simplify  the  investigation,  let  it  be  supposed  that  the 
upper  portion  of  the  road  is  homogeneous,  as  clay  or  sand  ; 
then,  the  resistance  to  penetration  is  nothing  at  the  surface, 
and  it  increases  as  the  depth ;  and  the  upward  resistance 
along  the  line  of  submersion  h  c,  \q  a  maximum  at  h  and 
it  vanishes  at  c,  and  the  varying  intensity  of  the  graduated 
pressure  may  be  represented  by  an  isosceles  triangle,  of 
which  the  centre  of  gravity  h,  situated  at  one-third  of  its 
length,  h  h,  from  the  base  h,  is  also  the  centre  of  resistance, 
and  therefore  also  the  centre  of  pressure  under  the  load  ; 
and  the  radial  line  o  A  is  the  resultant  of  the  pressure  of 
the  load,  measured  in  force  and  direction  by  the  vertical  o  i, 
and  the  traction  force,  measured  by  the  horizontal  line  h  i, 
or  0  Tc.  But  the  vertical  o  i  may  be  taken  as  equal  to  the 
radius  o  I,  and  the  horizontal  h  i  may  be  taken  as  one- 
third  of  the  semichord  of  submersion  c  d;  whence  the 
simple  proportion, — 

Load  :  tractive  force  •  :  ob  :  cd 

: :  radius  of  wheel :  \  semichord  ; 

and  the  resistance  to  traction  is  equal  to  the  product  of 
the  load  by  the  third  of  the  semichord,  divided  by  the 
radius  of  the  wheel. 

But  the  length  of  the  semichord  c  d  may  be  more  easily 
determined  by  calculation  from  the  measured  depth  of 
submersion  d  h.  It  is  equal  to  the  square  root  of  the  pre  - 
duct  of  the  segments  into  which  the  diameter  ah  \&  divided 
by  the  plane  of  the  road  c  d  e,  ot  to  y/^  d  X  d  b  ;  and  the 
*^hole  of  the  calculation  is  embraced  by  the  equation, — 

Tractive  force  ok  =  lX  '^-^  '^  ^— .  (1 .) 

0  2 
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Fig.  69.— Rolling  Resistance  to  Traction. 


The  equation  is,  no  doubt,  applicable,  with  a  sufficient 
degree  of  accuracy,  for  any  real  needs,  for  calculating  the 
resistance  of  gravel,  loose  stones,  soft  earth,  or  clay. 

The  work  done  in  compressing  the  material  of  the  road 
is  easily  indicated   diagrammatically,  by   supposing  the 

wheel  to  advance 
through  a  space 
equal  to  the  semi- 
chord  c  d,  or  the 
length  of  submer- 
sion. Thus,  in 
Fig.  69,  the  wheel 
a  b  is  supposed  to 
roll  forward  and 
to  occupy  the  po- 
sition a  v.  The 
work  done  in  com- 
pressing the  road  is  proportioned  to  the  four-sided  area 
h  c  ^  h'f  comprised  between  the  circumferential  segments 

I  c  and  h'  c  ;  and 
this  area  is,  by 
the  properties  of 
the  circle,  equal 
to  the  original 
rectangular    area 

Now,  suppose 
a  wheel  aba, 
Fig.  70,  of  larger 
diameter  with  the 
same  grossweight, 
to  travel  over  the 
same  surface.  It 
is  obvious  that,  if  it  could  sink  to  the  snme  depth,  d  h,  as 
that  for  the  smaller  wheel,  the  length  of  immersion,  d  c, 


Fig,  70.— Rolling  Resistance  to  Traction. 


ROLLING    RESISTANCE.  293 

would  be  increased,  and  the  rectangle  dhx  dc,  representing 
work,  would  be  greater  tban  that  performed  by  the  smaller 
wheel  in  the  first  example.  Such  a  supposition  cannot  be 
admitted  :  the  depth  of  immersion  d  b,  for  the  larger 
wheel,  must  be  less  than  that,  d  h,  for  the  smaller  wheel, 
though  the  length  of  immersion  d  c,  must  be  greater  than 
that,  d  c,  for  the  smaller  wheel ;  but  not  so  much  greater 
as  if  the  wheel  were  sunk  to  the  first  depth  d  h. 

In  fine,  larger  wheels  sink  less,  but  spread  more,  into 
the  surface,  than  smaller  wheels,  in  such  proportion  that 
the  area  of  the  rectangle  representing  work  of  submersion 
is  constant  for  all  sizes  of  wheels.  In  this  instance,  accord- 
ingly, the  rectangle  dh  x  d  c  ^^  the  rectangle  ^  b  X  d  c. 

It  might  be  thought  that,  on  this  principle  of  the  con- 
stancy of  the  work  of  submersion,  in  a  soft  road,  the  re- 
sistance to  traction  must  be  the  same  for  all  diameters  of 
wheels.  But,  as  the  rectangle  of  work  is  spread  over  a 
longer  space,  d  c,  for  the  larger  wheel,  than  the  space,  d  c, 
for  the  smaller  wheel,  it  follows,  on  the  contrary,  that  the 
resistance  or  force  of  traction  varies  in  some  proportion 
inversely  as  the  diameter,  being  less  as  the  diameter  is 
greater.  This  conclusion  accords  with  experience ;  but, 
though  the  actual  law  of  variation  may  not  be  strictly 
deducible  in  the  line  of  reasoning  here  traced,  it  is  never- 
theless useful  to  carry  the  reasoning  to  its  logical  conclu- 
sion. Let  a  and  a  be  the  diameters  respectively  of  the 
smaller  and  the  larger  wheels ;  J  and  b  the  depths  of  im- 
mersion ;  and  c  and  c  the  lengths  of  immersion,  o^  d  c  and 
d  c  respectively.  As  already  stated,  the  areas  of  immer- 
sion are  equal  to  each  other ;  or, 

J  c  =  B  C.  (2.) 

Also,  the  values  of  c  and  c  are,  by  the  properties  of  the 
circle,  expressible  by  the  products   V «  5  and   V  a  b,   foi 
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all  cases  that  need  occur  in  practice  ;  and,  by  substitution 
in  the  equation  (2), 

bs/^b  =  B\^AB;  (3.) 

and,  squaring  both  sides, 

ab^  =  AB".  (4.) 

Finally,  extracting  the  cube  root  of  each  side  of  this 
equation  (4),  the  equation  (5)  is  obtained, 

*>JV=Bv^a;  (5.) 

which  may  be  developed  into  the  proportion,— 

i  :  B  : :  v'A  :    \^a;  (6.) 

showing  that  the  depth  of  immersion  varies  as  the  cube 
root  of  the  diameter.  But,  as  i  <?  =  b  c,  and  i:  b  : :  c :  c, 
then, 

C  :  c  :  :  v^A  :    s/ai  (7.) 

showing  that  the  length  of  immersion  is  as  the  cube  root 
of  the  diameter.  It  has  already  been  seen  that  the  force 
of  traction  is  as  the  length  of  immersion ;  therefore, 
finally, — 

27ie  circumferential  or  rolling  resistance  of  wheels  to  traction 
on  a  level  road,  is  inversely  proportional  to  the  cube  root  of  the 
diameter. 

On  this  principle  of  resistance,  it  follows  that,  to  reduce 
the  rolling  resistance  of  a  wheel  to  one-half,  for  instance, 
the  diameter  must  be  enlarged  to  eight  times  the  primary 
diameter. 

The  deduction  of  M.  Morin,  mentioned  at  page  51,  that 
the  resistance  varies  simply  in  the  inverse  ratio  of  the 
diameter  of  the  wheel, — so  that,  for  example,  a  wheel  of 
twice  the  diameter  would  only  incur  half  the  resistance, — 
has  been  generally  accepted.  But  this  deduction  is  not 
supported  by  the  foregoing  analysis  of  forces,  and  there  is 
good  reason  for  renouncing  it,  in  the  more  recent  experi- 
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inents  of  M.  Dupuit.  He  placed  model  wheels  or  rollers 
of  various  diameters  at  the  summit  of  an  inclined  plane, 
succeeded  by  a  horizontal  plane,  on  which  they  rolled  down 
by  the  force  of  gravity  and  arrived  at  a  state  of  rest  after 
having  expended  the  energy  acquired  in  falling  through 
the  height  of  the  plane.  From  these  and  other  experi- 
ments he  drew  the  following  deductions  : — 

On  macadamised  roads  in  good  condition,  and  on  uni- 
form surfaces  generally, — 

1.  The  resistance  to  traction  is  directly  proportional  to 
the  pressure. 

2.  It  is  independent  of  the  width  of  the  tyre. 

3.  It  is  inversely  as  the  square  root  of  the  diameter. 

4.  It  is  independent  of  the  speed. 

M.  Dupuit  admits  that  on  paved  roads,  which  give  rise 
to  constant  concussion,  the  resistance  increases  with  the 
speed,  whilst  it  is  diminished  by  an  enlargement  of  the 
tyre  up  to  a  certain  limit. 

M.  Debauve*  submits  the  following  data  for  resistance 
of  vehicles  on  common  roads,  in  which  it  may  be  remarked 
that  the  resistances  decrease  in  chronological  order, — 
owing,  no  doubt,  as  he  says,  to  the  progressive  improve- 
ments in  vehicles  and  in  roads.  The  data  are  here  given 
in  English  measures  : — 

1st. — On  Metalled  Roads  : 

Per  cent.  Per  ton. 

Count  Eumford  .  .  .7-7  or  l-13th  of  the  wt. ;  or  172-5  lbs. 
Gordon  .  .  .  .6-2  or  l-16th  „  „  „  139  lbs. 
Coste  and  Perdonnet  .  .  2-9  or  l-35th  „  „  „  65  lbs. 
Navier  .         .         .         .     2-2     or  l-46th        ,     49-3  lbs. 


2nd.— 0;*  Faved  Roads  : 

Rumford       .         .         .         . 

5-5 

or  l-18th  of  the  wt. ; 

or  123-2  lbs. 

Navier  (walking  pace)  . 

,     4-0 

or  l-2oth        „       „ 

„     89-6  lbs. 

Do.    (at  a  trot) 

.     7-1 

or  l-14th        „       „ 

„  159-0  lbs. 

Coste  and  Perdonnet     . 

.     3-3 

or  l-30th        „       „ 

„     73-9  lbs. 

*  Manuel  de  VIngenieur  des  Fonts  it  Chaussces,  9"'''  Fascicule ;  page  31. 
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Table  No.  43. — Eesistance  to  Traction  on  Common  Roads. 
(M.  Debauve.) 


Draft. 

n  pounds  per  ton 

ol  the  weight.                1 

Diameter 

Width 

Vehides. 

ol  the 

oithe 

Uniform 

Paved  road. 

wheels. 

tires. 

metaJroad, 
at  a  walk, 

01  at 

at  a  walk. 

at  a  trot 

a  trot. 

feet,    inches. 

inches. 

pounds. 

pounds. 

pounds. 

Cart 

6         0 

2 

72 

47 

63 

Tumbril .        j 

6         1 

3 

69 

46 



6         2| 

4-4 

67 

39 



6         3 

5-G 

67 

37 

— 

Waggon 

6         5 

6 

65 

40 

— 

Cabriolet 

4       lOi 

2 

81 

64 

76 

Jaunting-car  -1 

4       11 
2       10 

2 
2 

81 
81 

67 
67 

83 
83 

Stage-coach  1 

4       11 

3         H 

5.2 
5-2 

65 
65 

36 
36 

45 

45 

M.  Debauve  makes  the  general  deductions  from  this 
table,  that  the  advantage  of  the  pavement  over  the  metalled 
road  is  considerable  for  waggons,  is  less  for  stage-coaches, 
and  is  nearly  nothing  for  voifures  de  luxe,  or  the  cabriolet 
and  the  jaunting-car.  The  efiect  of  the  tabulated  values 
is,  in  summary,  as  follows : — 

Resistance  to  traction 
On  metalled  roads.         On  pavements. 

.     671b.  per  ton  381b.  per  ton. 


Vehicles. 
Waggon 


Stage-coach 
Cabriolet 


671b. 
811b. 


451b. 
76  to  83  lb. 


M.  Tresca  tested  the  resistance  of  an  omnibus  on  Loubat's 
system,  adapted  with  wheels  for  running  on  a  common 
road.  The  experiments  were  made  on  an  inclined  street 
in  Paris,  in  good  condition,  having  ascending  gradients  of 
1  in  55,  one  part  of  which  was  paved,  and  another  part 
was  macadamised.  The  frictional  resistance,  after  the 
gravitation  on  the  incline  was  eliminated,  was  as  follows  : — 
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SUBFACB. 

Macadam 
Pavement 


Frietional 
Gross  weight.  Speed.  resistance. 

Tons.        Miles  per  hour.      Lbs.  per  ton. 

.     5-67  10-7  83 

.     5-67  10-1  66 


The  resistance  to  traction,  of  agricultural  earts  and 
waggons,  was  tested  at  Bedford  in  July,  1874,  by  means 
of  a  new  horse-dynamometer  designed  by  Messrs.  Eastons 
and  Anderson."^'  The  first  course  was  a  piece  of  hard  road 
rising  1  in  430 ;  it  was  dry  and  in  fair  condition,  largely 
made  of  gravel.  The  surface  was,  in  many  places,  some- 
what loose.  The  second  course  was  along  an  arable  field, 
growing  oats,  on  a  rising  gradient  of  1  in  1,000;  it  was 
very  dry,  and  was  harder  than  in  average  condition.  The 
fore  wheels  of  the  waggons  averaged  3  feet  3  inches,  and 
the  hind  wheels  4  feet  9  inches  in  diameter ;  the  width  of 
the  tyres  was  from  2^  to  4  inches.  The  weight,  empty, 
averaged  about  a  ton,  and  it  was  nearly  equally  divided 
between  the  fore  and  hind  wheels.  The  cart  wheels  were, 
say,  4  feet  6  inches  high,  with  tyres  S^-  and  4  inches  wide. 
The  weight  of  the  empty  carts  averaged  10  cwt.  The  loads 
were  from  2  to  4  tons  in  a  waggon,  and  1  ton  in  a  cart. 
The  following  results  are  deduced  from  the  given  data  ; 
the  speeds  averaging  2|-  miles  per  hour  :  f — 


j 

Vkhiclk. 

Dralt  on  road. 

Draft  on  field. 

Reduced 

Eeduced 

Total. 

to  a  level. 

Total. 

to  a  level. 

Per  ton, 

Per  ton, 

gross. 

gross. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pair-horse  waggon  without 

1 

sprmgs     .... 

159 

43-5 

700 

210     1 

2  pair-horse  waggons  with- 

1 

out  springs 

251 

44.5 

997 

194     i 

Pair-horse     waggon      with 

springs     .         .         .         .  1 

133 

34-7 

710 

210 

1 -horse  cart,  without  springs  ; 

49-4 

28 

212 

140 

•  See  a  report  of  the  trials  in  Engineering,  July  10,  1874,  page  23. 
t  See  Manual  of  Rules,  Tables,  and  Data  for  Mechanical  Engineers. 
1877,  page  962. 
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The  results  of  Sir  John  Macneil's  experiments  on  the 
tractive  force  required  to  draw  a  waggon  on  various  kinds 
of  road  has  already  been  given,  page  52.  He  made 
other  experiments  on  the  traction  of  a  stage-coach  on  a 
section  of  the  Holyhead  Eoad.  The  weight  of  the  coach 
empty  was  18  cwt.  ;  and  the  weight  of  seven  passengers 
in  addition,  allowing  1^  cwt.  for  each  passenger,  was 
10^  cwt.  ;  total  weight,  28^  cwt.  The  first  part  of  the 
following  table  has  been  arranged  for  various  gradients 
and  various  speeds,  from  the  statement  calculated  by  the 
experimenter.  The  second  part  of  the  table  is  added  to 
show  the  net  frictional  resistance  after  the  elimination  of 
the  resistance  of  gravity : — 


Table  No.  44. — Tractive  Force  required  to  Draw  a  Stage- 
coach : — Gross  weight  1-42  Tons. 


Total  tractive  force  required. 

Net  frictional  resristanee 
per  ton. 

Speed  in  miles  per  hour. 

Speed  in  miles  per  hour. 

6 

8 

10 

6 

8 

10 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lin    20       . 

268 

296 

318 

76 

96 

112 

1  in    26 

213 

219 

225 

63 

68 

72 

1  in    30 

165 

196 

200 

41 

63 

66 

1  1  in    40       . 

160 

166 

172 

56 

61 

65 

i  1  in  600       . 

111 

120 

128 

72 

78 

81 

Averages     . 

— 

~ 

62 

73 

79 

The  net  frictional  resistances  at  equal  speeds,  vary  very 
much  for  different  gradients,  by  some  unexplained  cause. 
They  are  a  maximum  for  the  steepest  gradient,  and  a 
minimum  for  gradients  of  1  in  30  and  1  in  40 ;  for  these 
they  are  less  than  for  1  in  600,  which  is  nearly  a  level. 
The  mode  of  action  of  the  horses  upon  the  carriage  may 
have  been  an  influential  element.     The  averages  show:  — 
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For  a  Stage  Coach:  — 

At    6  miles  per  hour,  62  lbs.  per  ton  frictional  resistance. 
At    8        „         „         73  lbs.  „  „ 

At  10        „         „         79  lbs.  „  „ 

With  these  may  be  associated,  for  the  purpose  of  deducing 
a  formula,  the  resistance  of  a  waggon  on  a  good  road, 
given  at  page  52,  at,  say,  2^  miles  per  hour,  44  lbs.  per 
ton,  frictional  resistance.  Plotting  the  resistances  per 
ton  for  the  above  four  speeds,  the  following  formula  is 
deduced : — 

Frictional  Besistance  to  Traction  of  a  Stage-coach. 
R  =  30  +  4i;  +  s/Wd. 

B  =  the  frictional  resistance  to  traction  per  ton. 

V  =  the  speed  in  miles  per  hour. 

Note. — The  formula  is  applicable  for  waggons  at  low  speed.  This 
formula  is  simpler  than  the  formulas  deduced  by  Sir  John  Macneil, 
page  53,  and  it  is  equally  approximate  and  comprehensive. 

M.  Charie-Marsaines  made  observations  of  a  general 
character  on  the  performance  of  Flemish  horses  drawing 
loads  upon  the  paved  and  the  macadamised  roads  in  the 
north  of  France,  where  the  country  is  flat,  and  the  loads 
are  considerable.  The  results  of  his  observations,  pub- 
lished by  M.  Debauve,  are  here  given  in  English  measures, 
m  Table  No.  45. 

Table  No.  45. — Performance  op  Horses  on  Roads  in  France. 

(M.  Charie-Marsaines.) 


1   Season  of 
the  year. 

Description 
of  road. 

Weight 
per  horse. 

Speed  in 

miles  per 

hour. 

Work 

done  per 

hour,  in 

tons 

drawn  one 

mile. 

! 

Ratio  of  paved  ■ 
road  to         j 
macadamised 
road. 

Winter  { 

i  Summer  \ 

1                  <• 

Pavement  . 
Macadam  . 
Pavement  . 
Macadam  . 

Tons. 
1-306 
•851 
1-395 
1-141 

Miles. 
2-05 
1-91 
2-15 
2-16 

Ton-miles. 
2-677 
1-625 
3-027 
2-464 

1    1-644  to  1 
J    1-229  to  1 
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The  taMe  shows  that  there  is  a  clear  inferiority  of  per- 
formance in  summer  ;  and  that  the  pavement  is  superior, 
even  in  winter,  to  the  macadam  in  summer — 

Ratio. 
Pavement,  summer    ,         .     3-027  tons  drawn  one  mile,  186 

„  winter       .         .     2-677         „  „  1-65 

Macadam,  summer     .        .     2-464        „  „  1-62 

„  winter       .         .     1-625        „  „  1-00 

The  average  daily  work  of  a  Flemish  horse  in  the  north 
of  France  is,  on  the  same  authority,  equivalent  to  21-82 
tons  drawn  one  mile,  in  winter;  and  to  27-28  tons  drawn 
one  mile,  in  summer ;  giving  a  mean  for  the  year,  of,  say, 
25  tons  drawn  one  mile.  The  horses  are  powerful,  and 
the  roads  are  easy. 

M.  Charie-Marsaines  observed  that  the  harness  lasted 
six  years,  over  pavement ;  and  only  five  years  over  ma- 
cadam. Also,  that  the  waggons  lasted  7  years  on  the 
pavement,  and  9  years  or  the  macadam  :  whilst  the  horses 
lasted  much  less  time  on  the  macadam  than  on  the  pave- 
ment. The  greater  mortality  on  the  macadam  is  ascribed 
to  the  inhaling  of  the  fine  silicious  dust  which  rises 
from  it. 

It  is  stated  by  Mr.  D.  K.  Clark,*  that  a  good  horse  can 
draw  a  load  of  1  ton  at  2^  miles  per  hour,  for  from  10  to  12 
hours  a  day;  equivalent  to  (1  X  2^  X  10  =)  25  ton-miles 
per  day.  This  is  the  same  performance  as  is  above  given 
by  M.  Charie-Marsaines. 

*  Manual  of  Bulea,  Tables^  and  Data  for  Mechanical  Engineers,  1877, 
page  720. 
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APPENDIX  I. 

ON    POLLING    NEW-MADE    EOADS. 

By  General  Sib  John  F.  Burgoyne,  Bart. 

[This  paper,  written  in  1843,  is  valuable  now,  and  is  here  reproduced  from  tha 
fourth  Edition  of  the  present  work.] 

The  importance  of  rolling  roads,  either  newly  constructed  or  when 
subjected  to  extensive  repairs,  seems  never  to  have  been  duly  appre- 
ciated. 

Lines  of  any  length  of  new-laid  broken  stone  may  be  deemed  nearly 
impracticable  to  ordinary  traffic  ;  the  worst  and  most  hilly  old  roads 
are  always  taken  in  preference  to  the  new  roads  while  in  that  state, 
although  the  latter  may  be  much  shorter,  and  with  very  improved 
levels. 

At  length  the  old  road  is  shut  up,  carriages  are  forced  to  take  the 
new,  occasioning  the  greatest  inconvenience  and  drawback  to  the  in- 
tercourse for  perhaps  a  year  or  more,  a  great  wear  and  waste  of  the 
material,  and  a  considerable  expenditure  in  watching  and  maintenance, 
until  the  material,  or  what  remains  of  it,  shall  be  finally  consolidated, 
and  even  then  in  a  very  imperfect  form,  unless  great  pains  are  taken 
with  it. 

The  rolling  is,  in  fact,  efi'ected,  but  in  the  most  distressing  and 
expensive  manner,  and  by  carriages  and  horses  very  ill  adapted  to  it. 

These  evils  may  be  entirely  prevented,  the  road  put  at  once  into 
good  working  condition,  and,  certainly,  a  considerable  expense  even- 
tually saved,  by  thorough  systematic  rolling ;  nor  ought  any  road  to 
be  considered  as  made  until  that  operation  shall  be  completely  efi'ected. 

Three  reasons  have  probably  operated  to  prevent  this  principle 
having  been  acknowledged  and  acted  upon. 
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1.  Because  the  trafl&c  on  the  road  will,  sooner  or  later,  do  the 
work,  thereby  apparently  reducing,  in  a  small  degree,  the  cost  of 
the  original  construction  or  repair. 

2.  Because  a  roller  is  not  usually  at  hand,  and,  from  its  weight 
and  unmanageable  character,  it  is  most  inconvenient  and  expen- 
sive to  be  removed  from  one  place  to  another,  so  that  in  most 
cases  one  would  have  to  be  constructed  for  the  purpose,  and  then 
be  useless. 

3.  Much  uncertainty,  as  yet,  as  to  the  best  manner  of  operating, 
its  eflficacy,  and  the  expense. 

The  first  reason  is  founded  completely  on  error  ;  it  is  manifest  that 
this  manner  of  completing  the  road  by  the  traffic  is  most  inconvenient, 
and  occasions  enormous  sacrifices  by  the  parties  using  the  road,  and 
consequently  a  great  loss  to  the  public  in  general ;  nor  can  there  be  a 
doubt  but  that  the  actual  expenditure  on  the  subsequent  early  maintenance 
of  the  road  itself  is  greater  than  would  be  incurred  by  at  once  operating 
thoroughly  with  the  roller. 

"With  regard  to  the  second  reason,  there  are  many  ways  in  which 
the  objection  can  be  greatly  alleviated. 

Although  there  is  some  justice  in  the  third,  and  that  the  most  per- 
fect mode  of  proceeding  is  not  yet  perhaps  understood,  there  is  so 
much  useful  efi'ect  to  be  produced  by  any,  that  it  is  surprising  that  it 
has  not  been  reduced  to  just  principles  by  experiment,  and  generally 
adopted. 

The  practice  of  rolling  has  been  rare,  and  almost  entirely  confined 
to  gentlemen's  demesnes,  and  occasionally  to  the  macadamised  road- 
ways in  some  cities  ;  but  in  the  latter,  it  is  believed,  without  the  appli- 
cation of  sufficient  means  for  the  purpose. 

There  are  certain  considerations  which  may  serve  as  gtddes  to  arrive 
at  just  conclusions  with  regard  to  this  proceeding. 

1.  A  roller  should  not  be  too  heavy  in  proportion  to  its  bearing 
surface,  or,  instead  of  binding  the  material  in  the  position  and 
form  laid  down  and  desired,  it  will  press  it  more  or  less  into  the 
substratum ;  much  of  the  material  will  thus  become  useless,  and 
it  will  be  very  troublesome  to  obtain  the  necessary  resistance  for 
the  consolidation. 

2.  It  must  not  be  too  light,  or  the  efi'ect  will  be  too  small  ever 
to  gain  the  object  fully ;  or  at  any  rate  without  an  extent  of 
operation  that  would  be  very  costly  or  inconvenient. 

It  is  believed  that  the  ordinary  rollers  are  too  light,  which  may 
have  thrown  the  practice  into  disrepute. 

For  the  Dublin  streets  they  have  a  roller  of  two  contiguous 
cylinders,  each  of  4  feet  diameter,  and  1  foot  6  inches  ia  width, 
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making  in  all  a  bearing  of  3  feet ;  it  weighs  2  tons  3  cwt. ;  only- 
two  horses  are  attached  to  it,  but  the  work  is  exceedingly  heavy. 
It  is  applied  to  successive  layers  of  material,  in  new  formations, 
and  about  an  inch  of  gravel  is  worked  into  the  upper  layer  or 
surface.  It  is  said  to  consolidate  the  roadway  very  effectually, 
but  might  probably  be  improved  by  adding  to  its  weight.* 

From  other  recorded  trials,  however,  there  is  reason  to  believe, 
that  a  road  roller  should  not  be  lighter  than  28  cwt.  for  every 
12  inches  lineal  of  bearing  on  the  road;  that  is,  if  4  feet  wide, 
that  it  should  weigh  5  tons  12  cwt. ;  if  3  feet,  4  tons  4  cwt.,  &c.  ; 
and  that  it  should  only  be  applied  to  the  upper  surface  of  all. 

A  roller  somewhat  heavier  than  28  cwt.  per  foot  would  be  more 
effective,  but  it  is  better  after  that  limit  to  gain  the  object  rather 
by  adding  to  the  number  of  times  passing  over  the  surface  than 
incur  the  inconveniences  of  the  heavier  machinery. 

This  is  one  very  interesting  point  to  prove,  namely,  the  relative 
effects  of  light  and  heavy  rollers,  taking  into  account  the  nimiber 
of  turns  required  by  each. 

3.  For  effect,  the  wider  a  roller  can  be,  the  better,  because  the 
operation  will  be  more  quickly  performed,  and  because,  in  pro- 
portion as  it  is  narrow,  will  there  be  a  tendency  to  force  the 
broken  stone  laterally  from  under  its  action  ;  but,  as  the  weight 
must  be  in  proportion  to  its  bearing  surface,  the  width  must  be 
limited  to  a  degree  that  will  prevent  that  weight  being  too  un- 
wieldy ;  a  very  narrow  roller  might  also  have  a  tendency  to  over- 
turn. On  the  other  hand,  one  that  is  very  wide  may  take  up  toe 
much  room,  if  the  road  is  open  to  traffic  during  the  time  of  its  use. 

4.  Horses  should  not  be  obliged  to  use  very  great  exertions  in 
drawing  a  roller,  or  the  action  of  their  feet  will  discompose  the 
loose  stones  very  inconveniently ;  therefore,  as  the  draught  is 
very  heavy  at  first,  and  never  very  light  up  to  the  last  of  the 
operation,  they  should  not  have  more  than  from  ten  to  twelve 
cwt.  each  to  draw  at  first,  nor  so  much  as  a  ton  each  at  last. 

5.  It  would  be  desirable  not  to  put  more  than  four  horses  to 
such  a  machine,  because,  as  the  number  of  horses  is  multiplied, 
it  becomes  more  difficult  to  obtain  a  perfectly  united  effort  from 
them ;  but  on  the  above  data  a  roller  of  four  tons  maximum  weight 
might  be  too  small  for  the  best  service,  and  as  six  horses  may  per- 
haps be  applied  without  much  inconvenience,  it  is  proposed  to  give 
that  number  as  a  limit,  and  to  allow  5  tons  12  cwt.  as  the  maximum 
weight  for  the  roller ;  this,  at  28  cwt.  per  foot  of  bearing,  would 
give  it  a  width  of  four  feet. 

A  short  street  (Herbert  Street),  made  in  1836,  and  Ihen  well  rolled,  hns  never 
required  repair  or  new  material  since,  up  to  1S43  ;  it  is  a  good  street,  but  not 
entirely  built  on,  nor  a  great  thoroughfare. 
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From  the  Continent  we  have  records  of  several  trials  that  have  been 
made  of  late  years  of  the  effect  of  rolling  new-laid  material  on  roads ; 
although  there  are  discrepancies  in  some  of  the  particulars,  there  are 
many  in  which  all  agree ;  and  in  all  the  practice  has  been  strongly 
recommended. 

The  one  that  seems  to  be  the  most  practical  is  a  roller  described  as 
first  used  in  the  Prussian  provinces  on  the  Ehine,  and  from  thenco 
introduced  with  some  modification  into  a  neighbouring  district  in 
France. 

It  consists  of  a  cylinder  of  cast  iron  of  about  4  feet  3^  inches  wide 
and  4  feet  3j  inches  diameter.*  On  the  axle  by  means  of  iron 
stanchions  is  fixed  a  large  wooden  case  of  6  feet  4^  inches  long,  5  feet 
8.J  inches  wide,  and  1  foot  8  inches  high,  open  at  top. 

This  roller  has  a  pole  before  and  behind,  in  order  to  be  able  to  draw 
it  in  either  direction  without  turning ;  the  hind  pole  is  sometimes  used 
to  assist  in  guiding  it.  It  has  also  a  drag,  by  the  pressure  of  a  board 
on  its  face,  in  the  manner  used  for  French  waggons. 

The  cylinder  and  other  iron  work  weighs  nearly  2  tons ;  the  case 
and  woodwork  about  19  cwt.,  making  the  whole  2  tons  19  cwt. 

The  case  will  contain  a  weight  of  stone  of  2  tons  19  cwt.  when  com- 
pletely loaded;  therefore  the  entire  weight  can  be  brought  up  to 
/)  tons  18  cwt. 

Six  strong  horses  worked  it  well. 

It  is  passed  over  the  entire  surface  of  the  road  once  or  twice  without 
any  loading,  weighing  consequently  nearly  three  tons,  to  obtain  a  first 
settlement  of  the  loose  material ;  then  one  or  two  turns  with  about  1-^ 
tons  loading,  making  4|-  tons ;  and  then  the  last  turns,  making  ten  in 
all,  with  the  full  loading,  when  it  becomes  5  tons  18  cwt. 

Traversing  12  miles,  it  will  thus  completely  roll  about  3,000  square 
yards  t  in  one  day,  or  about  a  quarter  of  a  mile  of  a  road  of  21  feet 
width. 

All  accounts  agree  as  to  the  absolute  necessity,  and  the  best  manner 
of  applying  some  gravel,  or  other  sharp,  gritty,  very  fine  stufi"  on  the 
surface,  during  the  operation,  without  which  it  will  not  be  thoroughly 
bound. 

The  consolidation  commences  with  the  lower  part,  which  is  the  first 
to  get  fixed  and  arranged ;  and  when,  after  about  six  turns  over  the 
whole,  the  upper  layers  have  become  tolerably  firm  and  weU  bedded, 
some  sand  or  stone-dust,  or,  what  is  best  of  all,  sharp  gravel,  is  very 
lightly  sprinkled  over  it  by  degrees  at  every  successive  rolling,  solely 

*  These  and  other  dimensions  are  necessarily  in  odd  numbers,  owing  to  reducing 
them  from  French  measures  and  weights. 

t  Some  of  the  calculations  are  not  strictly  in  accordance  with  the  data,  because 
the  data  themselves  are  not  given  in  minute  fractional  parts,  and  consequently 
the  reduction  of  the  results  will  show  a  difference  ;  but  it  is  very  small  and  of  no 
oonse'iuence  in  a  general  consideration  of  the  matter. 
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for  the  purpose  of  filling  up  the  interstices  of  the  broken  stone,  and  not 
to  cover  it ;  about  3  cubic  yards  in  the  whole  per  100  square  yards 
(equal  to  about  an  inch  in  thickness  if  spread  over  the  whole  surface) 
will  be  required.  It  is  essential  that  this  small  stuff  be  not  applied 
earlier,  or  it  will  get  to  the  lower  strata,  and  not  only  be  wasted  but 
injurious ;  the  object  is  that  it  should  penetrate  for  two  or  three  inches 
only,  to  help  to  bind  the  surface. 

Provided  the  upper  interstices  are  filled,  the  less  gravel  used  the 
better ;  therefore  it  is  applied  by  little  and  little  after  each  of  the  three 
or  four  last  successive  passages  of  the  roller,  and  then  only  over  the 
places  where  there  are  open  joints. 

After  the  work,  if  well  done,  is  completed,  it  is  stated  that  such  is 
the  effect,  that  the  upper  crust  may  be  raised  in  cakes  of  six  or  seven 
square  feet  at  a  time,  which  could  never  be  without  the  gravel. 

The  effect  may  be  improved  also  by  having  the  upper  inch  or  two 
of  stone  liner  than  the  rest,  say  to  pass  a  ring  of  \\  inch  or  1^  inch. 

This  work  should  be  done  m  wet  weather,  or  the  material  will 
require  to  be  profusely  watered  artificially. 

It  will  be  better  that  it  should  not  absolutely  rain,  unless  very  light hf, 
when  the  gravel  is  applied  (although  the  stoning  should  be  wet),  as  it 
will  cause  it  to  adhere  to  the  roller,  and  even  at  times  to  bring  up  the 
broken  stone  with  it.  In  frost  it  is  of  no  use  attempting  to  roll.  The 
state  of  the  material,  as  regards  its  being  wet  or  dry,  will  have  great 
influence  in  the  success  of  the  operation. 

The  form  of  the  road  will  be  best  preserved  by  rolling  from  the  two 
sides  towards  the  middle,  and  not  commencing  along  the  latter. 

I'he  calculated  expense  of  the  work  m  franco  was— 

For  six  horses  and  two  drivers  per  day       .£140 

EoT  SIX  labourers  attending'  on  the  road, 
assistmj?  at  the  roller,  levelling  inequali- 
ties, spreading  gi'avel,  &c.        .        .        .070 


Total  for  3,000  square  yards    .        .    £1  11    0 

Being  about  one  penny  for  eight  square  yards,  or  one  penny  per 
running  yard  of  road,  twenty-four  feet  wide,  and  will  amount  to  about 
£7  5.S.  per  mile. 

For  Ireland,  these  prices  would  have  to  be  increased,  thus — 

For  six  horses,  with  drivers,  per  day   .        .£170 
For  six  labourers,  at  Is.  4d.  .        .        .080 

£1  15    0 


It  is  considered  that  a  modification  would  be  desirable  in  this  foreign 
roller,  by  making  it  only  four  feet  wide ;  its  weight  might  then  be, 

about  2  J  tons,  which  witti 


306  APPENDICES. 

an  extra  loading  of  2  tons  2  cwt.  would  bring  it  to  5  tons  12  cwt.  for 
its  extreme  weight,  at  28  cwt.  per  foot. 

Such  a  roller  passing  ten  times  over  every  part,  and  working  twelve 
miles  per  day,  would  require  five  days,  and  the  operation  costs  ahout 
£8  15*.  per  mile  of  road,  of  twenty-four  feet  wide  completed. 

The  gravel  ought  to  he  considered  as  material,  hut  in  this  case  it  is 
an  addition  to  what  would  otherwise  he  applied;  the  cost  therefore 
must  he  added. 

Suppose  it  to  amount  to  one  shilling  per  cube  yard,  the  expense,  at 
thirty-six  square  yards  per  cuhe  yard  of  gravel  will  he  ahout  £19  5s, 
per  mile  of  road  of  twenty-four  feet  wide. 

This  would  bring  the  whole  to  an  amount  of  £28  per  mile. 

However  perfect  the  rolling  may  be,  there  will  be  at  the  end  a  slight 
elasticity  and  yielding  of  the  surface,  which  will  only  become  quite 
firm  and  hard  after  some  days'  trafiic,  say  from  six  to  ten  when  tole- 
rably frequented,  during  which  its  form  and  smoothness  must  be  care- 
fully attended  to  ;  add,  therefore,  £2  per  mile  for  that  extra  work,  and 
the  cost  will  be  £30  per  mile. 

The  expense  of  the  operation  of  the  roller  (independent  of  the 
gravel)  is  so  small,  that  if  the  weight  is  under-estimated,  so  that  the 
width  of  the  roller  should  require  to  be  reduced  to  three  feet,  thus 
adding  one-fourth  to  that  part  of  the  outlay,  or  that  it  would  require 
to  be  passed  a  greater  number  of  times  more  than  calculated,  that 
increase  would  not  be  of  essential  importance  on  the  gross  amount. 

If  artificial  watering  should  be  necessary,  that  expense  also  must  be 
added,  but  it  would  be  small. 

The  subsequent  wear  of  material,  under  proper  care,  will  be  most 
trifling ;  one  French  engineer  states,  that  where  the  rolling  in  this 
manner  has  been  successfully  performed,  there  has  never  been  a 
necessity  for  applying  above  one  cubic  yard  of  broken  stone  per  300 
square  yards  of  road  in  the  next  year ;  that  in  one  instance  only  one 
cubic  yard  per  1,500  square  yards  was  used,  although  on  a  road  subject 
to  the  passage  of  400  horses  in  draft  per  day ;  and  on  another  road  no 
fresh  stone  was  laid  for  three  years. 

To  make  a  more  direct  comparison,  however,  of  expense,  it  may  be 
assumed  that  a  much  greater  diminution  of  thickness  will  take  place  in 
the  consolidation  by  the  traflic  than  if  effected  at  once  by  the  rolling, 
because  the  narrow  wheels  of  ordinary  carriages  penetrate  into  the 
loose  matter,  and  force  the  lower  part  of  it  partially  into  the  subsoil. 
The  displacement  and  grinding  and  crushing  is  also  very  great; 
whereas,  in  rolling,  the  entire  is  preserved  and  in  its  proper  place  ;  it 
may  therefore  not  be  too  much  to  estimate,  that  if  it  require  ten  inches 
of  loose  material  to  bind  into  six  inches  by  the  ordinary  process,  as  it 
probably  would,  eight  inches  well  rolled  would  give  the  same ;  if  so, 
the  saving  at  once  would  be  very  great ;  thus,  suppose  the  covering  of 
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one  incli  of  stone  to  cost  as  much  as  two  inches  of  gravel,  that  is,  if  the 
gravel  is  valued  as  above,  at  Is.  per  cubic  yard,  that  the  stone  be 
valued  at  2.«.,  then  we  have  four  times  the  cost  of  the  gravel,  which 
was  stated  to  be  £20  per  mile,  or  £80,  to  set  agaiast  the  £30,  estimated 
expense  of  rolling. 

If  the  rolling  effected  a  saving  of  only  one  inch  of  the  broken  stone, 
still  the  cost  of  that  one  inch  would  exceed  that  of  the  rolling,  including 
the  gravel. 

This  last  calculation  is  given  only  as  a  proof  of  the  saving,  and  not 
as  recommending  the  reduction  of  the  mass  of  material  laid  down  to  a 
minimum;  on  the  contrary,  as  the  rolling  of  the  surface  is  a  final 
measure,  and  requires  no  renewal  until  the  road  is  worn  to  a  minimum 
thickness,  the  most  economical  plan  probably  would  be  to  apply  a  con- 
siderable degree  of  substance  at  once,  enough  to  last  some  years,  so  as 
to  reduce  the  number  of  periods  when  rolling  would  be  necessary. 

A  roller,  on  what  is  here  assumed  to  be  the  best  construction, 
namely,  of  4  feet  bearing  in  one  cylinder,  and  weighing  2^  tons,  would 
not  be  very  convenient  to  move  from  place  to  place  for  any  consider- 
able distances  ;  an  idea  was  therefore  suggested  of  constructing  one  as 
a  cart,  on  two  wheels,  the  tires  of  which  might  be  of  9,  or  12,  or  18 
inches  in  width.  Such  a  machine  would  weigh  from  one  to  two  tons. 
The  axle  might  be  bent,  and  under  the  body,  or  might  be  straight, 
and  pass  through  it,  so  that  the  loading  of  two  or  three  tons  might  lie 
very  low.  The  distance  between  the  wheels  should  be  a  certain  number 
of  times  the  width  of  the  tires ;  namely,  if  the  latter  are  9  inches,  the 
distance  asunder  might  be  3  feet,  or  3  feet  9  inches ;  if  12  inches,  they 
might  be  3  or  4  feet ;  and  if  18  inches,  3  feet. 

Such  a  roller  might  be  very  convenient  in  many  respects,  but  wouL' 
be  subject  to  two  objections  : 

1st,  The  tendency  to  force  the  material  laterally  from  under  its 
pressure,  by  the  little  width  of  each  roller. 

2nd,  The  impossibility  by  successive  passages  of  giving  every 
part  of  the  road  precisely  the  same  amount  of  rolling;  some 
parts  must  have  more  turns  than  others. 

In  some  few  situations  the  very  formation  of  the  road  may  be  made 
subservient  to  its  rolling. 

In  the  construction  of  a  new  road  over  the  Carey  mountain,  in  the 
County  of  Antrim,  material  for  stoning  the  road  was  quarried  in  several 
parts  of  the  mountain  up  to  its  summit. 

Some  carts  were  made  with  wheels  of  four-inch  tires,  and  the 
laying  of  the  broken  stone  being  commenced  close  to  the  quarry,  the 
work  was  carried  on  from  each  quarry  down  hill,  the  loaded  carts 
being  taken  over  the  new-laid  material,  working  systematically  over 
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the  entire  widtli  of  the  road,  and  discharged  below,  returning  up  the 
hill  light.  By  the  time  the  work  was  completed  the  road  had  acquired 
in  this  way  a  considerable  degree  of  consolidation  without  extra  labour. 

A  roller  of  the  weight  of  five  or  six  tons  may  be  worked  up  inclines 
of  one  in  twenty  by  increasing  the  number  of  horses,  but  not  steeper ; 
if  at  all  exceeding  one  in  thirty  it  would  probably  be  better  to  apply 
the  roller  in  its  lightest  state,  and  increase  the  number  of  passages. 

It  is  very  desirable  to  complete  rapidly  what  is  once  begun,  but  it  is 
attended  with  the  disadvantage  of  taking  up  short  lengths  at  a  time, 
which  leads  to  the  occasion  for  turning  the  roller  very  frequently,  a 
manoeuvre  that  is  particularly  inconvenient. 

Although  certain  dimensions  and  weights  are  suggested  to  be  likely 
to  prove  the  most  efficient,  any  other  kinds  that  haj)pen  to  be  in  pos- 
session might  be  tried  and  adapted  to  the  above  principles,  which  will 
usually  require  weight  to  be  added  with  the  successive  rollings ;  this 
may  be  done  in  various  ways  according  to  circumstances  and  situa- 
tions ;  the  most  simple,  but  most  cumbrous  and  troublesome  of  appli- 
cation, wiU  be  a  large  case  on  the  roller  for  loading  with  stone. 

In  or  near  towns,  iron  weights  might  be  used  instead  of  stone,  partly 
on  or  suspended  to  the  axle,  within  the  cylinder,  or  in  a  case  outside, 
which  might  be  then  much  smaller,  and  the  weight  be  more  compact 
and  more  easily  shifted  ;  or  for  use  in  a  town,  when  the  most  efficient 
dimensions  and  weights  were  ascertained,  rollers  might  be  prepared  of 
two  or  three  qualities,  that  is,  all  of  the  same  extent  of  bearing,  but  of 
cylinders  of  difi'erent  weights,  from  the  lightest  to  the  heaviest,  and 
"brought  in  succession  on  to  the  work. 
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APPENDIX  II. 

Extracts  from  "Eeport  on  the  Economy  of  Eo ad- 
Maintenance  AND  HoRSE-DeAET  THROUGH  StEAM 
Eo  AD -Polling,  with  Special  Eeference  to  the 
Metropolis." 

(Printed  by  Order  of  the  Metropolitan  Board  of  Works.) 
By  Frederick  A.  Paget,  C.E.     1870. 

THE  SPECIAL  SUITABLENESS  OF  ROAD-EOLLING  TO  A 
MOIST  CLIMATE. 

There  is  a  point  mucli  in  favour  of  an  extended  use  of  road-roUing 
in  London  and  England  generally ;  making  it  probable  that  there 
is  no  other  country  in  the  world  from  which  such  good  eiFects  are 
to  be  expected  from  steam  road-rolling.  The  climate  of  England,  from 
its  humidity— and  the  best  judges,  Macadam  amongst  others,  consider 
the  presence  of  moisture  as  extremely  favourable  to  road-making — 
and  its  freedom  from  either  long  frosts  or  long  droughts,  is  peculiarly 
favourable  to  the  employment  of  rolling.  In  France  and  Prussia  the 
rollers  are  used  by  preference  in  rainy  weather,  in  order  to  save  water- 
ing, as  wet  is  essential  for  consolidating  the  metal.  From  want  of 
experience  in  road-rolling  some  English  surveyors  object  to  the  appli- 
cation of  sand,  which  it  is  necessary  to  use — of  course  in  not  too  large 
quantities — with  rolling,  in  order  to  prevent  the  crushing  of  the  metal. 
Upon  the  Holyhead  roads,  consolidated  in  the  ordinary  way,  Telford 
always  applied  clean  gravel  to  the  new  metal ;  and  this  is  now  done  in 
France,  Prussia,  and  on  all  roads  where  road-rolling  is  understood  and 
practised.  The  binding  of  rolled  roads  in  Prussia  by  means  of  the 
sand,  is  so  strong  that  united  blocks  18  inches  wide  can  often  be 
removed. 

According  to  the  official  Hanoverian  "  special  instructions  "  on  road- 
rolling,  when  rolling  the  covering  of  the  road,  the  binding  or  sand  is 
only  to  be  applied  by  the  time  that  about  two-thirds  of  the  operation 
is  completed.  The  amount  of  sand  must  be  only  about  one-sixth  of 
that  of  the  metalling.  The  watering  should  be  very  carefully  carried 
out,  so  that  the  bottoming  be  softened  as  little  as  possible. 


THE  APPLICATION  OF  THE  STEAM  POLLER  TO  THE 
FORMATION  OF  THE  FOUNDATIONS  OF  NEW  ROADS. 

France, — Except  with  very  heavy  traffic,  or  with  a  very  soft  sub- 
stratum of  the  road,  the  Ingenieurs  des  Fonts  &^  Chaussees  do  not  uae 
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paved,  and  vtry  seldom  concrete,  foundations  or  bottoming.  They 
compress  the  bottom  by  rolling ;  and  then  roll  down  upon  it  successive 
layers  of  road  material  about  four  inches  thick. 

Germany. — When  rolling  road  bottomings,  the  German  engineers 
do  not  take  the  roller  over  the  sides,  but  rather  lightly  compress  the 
crown  of  the  road  foundation.  According  to  the  official  Hanoverian 
"  special  instructions  "  about  rolling  the  bottomings  of  roads,  this  must 
be  done  with  a  light  roller,  and  must  not  be  carried  out  till  the  bottom 
is  quite  hard.  No  water  must  be  used,  and  the  operation  should  be 
carried  out  in  dry  weather,  especially  with  a  clayey  soil. 

Liverpool. — The  thirty-ton  steam  road-roller,  by  Messrs.  Aveling 
and  Porter,  was  set  to  work  in  Liverpool  in  October,  1867.  As  we 
have  already  remarked,  ISIr,  James  Newlands,  the  borough  engineer  of 
Liverpool,  has  not  yet  been  able,  in  so  short  a  time  for  such  a  pur- 
pose, to  determine  the  actual  saving  in  maintenance  effected  by  it. 
He  writes  us,  however,  that  "  besides  its  advantage  in  making  a 
newly-coated  macadam  road  perfectly  smooth  in  a  single  night,  it  is 
of  no  less  utility  in  forming  the  foundations  of  new  roads.  Formerly 
the  traffic  had  to  be  turned  on  these  foundations  to  consolidate  ana 
render  them  fit  to  receive  the  protective  coatings  of  paving  or  macadam 
respectively — a  work  which  took  from  three  to  six  months,  according 
to  the  locality.  Now,  when  the  foundation  is  laid,  it  can  be  rendered 
fit  for  paving  and  macadam  in  a  day  or  two."  There  are  upwards  of 
forty  miles  of  macadamised  roads  in  the  borough  of  Liverpool. 

SUBSIDIAEY  APPLICATIONS  OF  THE  STEAM  ROAD- 
ROLLER. 

Gravel  Boads. — As  regards  the  application  of  the  steam-roller  to 
gravel  roads,  of  which  areas  still  greater  than  those  of  granite  and 
flint  roads  are  in  existence,  but  little  has  yet  been  done  except  in 
parks  in  this  direction,  and  certainly  nothing  has  yet  been  published 
as  to  the  economical  results.  Macadam  wrote,  some  fifty  years  ago, 
"  In  the  neighbourhood  of  London,  the  roads  are  formed  of  gravel," 
"the  component  parts"  of  which  "are  round,  and  want  the  angular 
points  of  contact,  by  which  broken  stone  tmites,  and  forms  a  solid 
body;"  and  large  areas  are  still  laid  down  on  the  outskirts  of  the 
metropolis.  The  only  surveyor  who  has  spoken  from  experience  as  to 
the  economical  value  of  rolling  gravel  roads  is  Mr.  Howell,  of  St. 
James's.  But,  as  has  been  well  observed  to  -us  by  Messrs.  Amies  and 
Barford,  "If  a  garden-roller  is  useful  in  a  degree,  surely  a  much 
heavier  one  must  be  still  more  efficient  for  light  vehicle  traffic." 

Faved  Streets. — In  Paris,  successful,  but  partial,  experiments  have 
been  made  with  the  steam  road-roller  as  a  substitute  for  the  paviour's 
rammer. 
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Heavy  rollers  are  very  extensively  applied  in  Hanover  to  pave- 
ments; and  the  official  Hanoverian  instructions  for  keeping  up  the 
roads  contain  several  directions  as  to  the  time  and  way  in  which  the 
roller  is  to  he  applied.  Experience  has  shown  that  the  rollers  should 
he  as  heavy  as  possible ;  that  they  should  he  applied  to  any  uneven- 
ness  of  considerable  area ;  that  pavements  are  best  rolled  after  the 
breaking  up  of  frost ;  and  that  the  surfaces  should  first  be  swept,  and 
then  the  rolling  be  continued  until  the  stones  no  more  give  way.  Herr 
von  Kaven,  in  his  "  Lectures  on  the  Engineering  Sciences,"  gives  elabo- 
rate figures,  based  on  some  experiments  conducted  in  Hanover  in  1863, 
showing  the  economy  of  this  method  of  laying  down  and  keeping 
pavement  in  repair. 

It  is  clear  that  rolling  must  also  be  peculiarly  applicable  to  the 
construction  of  foundations  for  paving  setts. 

Picking  up  Roads  by  Steam. — The  steam  road-roller,  though  still  a 
comparatively  new  implement,  has  thus  already  made  itself  useful  in 
a  variety  of  ways,  and  has  adapted  itself  to  several  important  functions 
in  road-making  and  repairing,  besides  that  of  rolling  only.  With 
respect  to  picking  up,  or  "lifting"  the  macadam  of  old  roads,  before 
lapng  down  a  fresh  coating  of  metal,  there  can  be  no  doubt  that  a 
great  economy  of  manual  labour  can  be  efi'ected  in  this  direction.  Mr. 
Aveling's  apparatus  for  "lifting"  roads  simply  consists  of  a  series  of 
spikes  bolted  on  plates  let  into  holes  in  the  periphery  of  the  roller.  A 
machine  on  this  principle,  the  invention  of  JMr.  Browse,  the  general 
surveyor  of  the  Metropolis  Eoads  Office,  has  long  been  used  by  Messrs. 
Mowlem,  Burt,  and  Freeman,  for  picking  up  roads  in  the  metropolis. 
It  simply  consists  of  a  heavily-laden  cart,  having  its  wheels  armed 
with  spikes.  At  Manchester,  one  of  Aveling  and  Porter's  engines 
picked  up  an  area  of  2,048  square  yards  in  three  hours  forty  minutes ; 
and  the  cross-picking  was  afterwards  done  by  hand  labour,  only  equal 
to  that  of  one  man  working  sixty  hours. 

This  application  of  steam  will  no  doubt  lead  to  very  great  economies 
on  many  country  and  other  roads  that  have  been  long  wastefully 
managed.  What  Macadam  wrote  still  applies  in  many  cases.  "  Gene- 
rally the  roads  of  the  kingdom  contain  a  supply  of  material  sufficient 
for  their  use  for  several  years,  if  they  were  properly  lifted  and  applied" 
— with  the  difference  in  favour  of  the  present  time  that  much  of  this 
metal  has  been  previously  broken.  On  any  soft,  ill-drained  founda- 
tion, successive  supplies  are  often  driven  in  by  the  superincumbent 
traffic,  the  intermediate  mud  working  its  way  up.  Some  road  sur- 
veyors consider  that  many  old  roads,  on  which  there  is  often  as  much 
as  two  feet  of  metal,  might  be  mended  by  the  steam-roller  without 
using  any  new  metalling.  They  could  be  picked  up  and  then  steam- 
rolled,  with  an  excellent  new  surface  as  a  result. 

Breaking  and  Conveying  Metalling. — It  is  obvious  that  the  steam 
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road -roller  could  be  easily  applied,  not  merely  to  driving  stone- 
breaking  machines,  but  also  conveying  th,e  metalling  to  the  spots 
where  required. 

SUBSIDIARY  ADVANTAGES  OF  THE  STEAM  ROAD- 
ROLLER. 

Saving  in  Sweeping  and  Scavengering, — In  all  these  instances,  it  is 
quite  clear  that  any  saving  in  road  metal  must  be  accompanied,  as  in 
the  case  of  the  substitution  of  pavement  for  macadam,  though,  of 
course,  to  a  slighter  extent,  by  a  proportionate  saving  in  the  expenses 
of  scavengering  and  removal  of  detritus. 

Diminution  in  Paved  Areas. — It  is  also  clear  that  its  well-considered 
and  properly  carried-out  adoption  in  our  large  towns  must  tend,  as  in 
Paris,  to  narrow  the  encroachments  of  the  uncomfortable,  if  cheap, 
paving  stones.  The  main  advantage,  in  certain  situations,  of  pave- 
ments is  in  the  diminution  of  cost  of  maintenance.  At  speeds  higher 
than  at  a  walk.  General  Morin's  experiments  prove  that  the  resistance 
to  draught  on  pavements  increases,  which  is  not  the  case  with  a  well- 
metalled  road  in  a  dry  state. 

RESUME  OF  THE  MAIN  ADVANTAGES  OF  STEAM 
ROAD-ROLLING. 

Briefly,  the  three  principal  advantages  obtained  by  steam  road- 
rolling  over  horse-rolling  are,  as  observed  in  the  French  Official  Report 
on  the  Exhibits  at  the  late  Paris  Exhibition,  when  alluding  to  the 
Ballaison  steam-roller,  worked  in  Paris  by  Gellerat  and  Co.,  "saving 
of  expense,  saving  in  time  from  rapidity  of  execution,  and  a  better 
quality  of  work,"  All  that  has  been  said  with  respect  to  the  great 
diminution  in  draught  by  horse  -  rolling  applies  wivh  much  greater 
force  to  rolling  by  steam.  But  even  if  steam-rolled  roads  cost  more 
instead  of  at  least  fifty  per  cent,  less  in  maintenance  than  traffic-rolled 
roads,  there  would  be  good  reasons  for  adopting  steam-rolling,  as  the 
public  is  well  served  under  the  first  circumstance,  and  very  badly 
served  under  the  second ;  so  that,  even  if  the  expenses  were  greater, 
there  would  be  a  balance  of  advantage  and  expense.  As  a  corre- 
spondent, "H.  R.,"  in  1868,  observed  in  a  letter  to  the  Times :  "When 
one  considers  the  injury  done  to  carriages  and  horses,  and  the  delays 
caused  by  the  practice  of  leaving  the  stones  to  be  ground  in  by  the 
carriage-wheels,  one  feels  that  even  if  rolling  in  the  stones  would  be 
more  costly  to  the  parishes,  the  pecuniary  gain  to  the  public  would  be 
very  considerable."  In  the  words  of  Mr.  Robert  Mallet,  the  well-known 
engineer  and  author,  writing  in  1866,  "  there  is  still  room  for  very  great 
improvement  in  the  laying  and  repairs  of  the  macadamised  streets  and 
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roads  of  the  metropolis,  although  the  practice  has  of  late  years  in  some 
respects  improved.  The  admirable  practice  of  Paris,  where,  with  far 
worse  material  than  is  at  our  command,  the  results  obtained  are  so 
much  better,  should  be  in  part  our  school  and  example. 

"  We  have  tardily  adopted  from  thence  the  steam  road-roller ;  let  its 
use  be  extended,  and  let  us  also  adopt  the  admirable  methods  of 
cleansing,  watering,  and  repairing  of  the  French."  The  question  is, 
as  Mr.  Tomkins,  the  surveyor  of  the  roads  in  the  district  of  St.  George's 
Hanover  Square,  very  neatly  defines  it,  whether  the  roads  shall  be 
consolidated  "  by  the  trafiic  or  for  the  traffic." 


ECONOMICAL   RESULTS    OF   THE    GENERAL   USE    OF 
STEAM  ROAD-ROLLING  IN  THE  METROPOLIS. 

Remarks  on  the  Table.  —  The  annexed  table*  is  almost  sufficiently 
explanatory  of  itself.  It  has  been  made  as  complete  as  has  been 
possible ;  and  when  we  state  that,  without  counting  the  Parliamentary 
Returns,  not  fewer  than  forty-fotir  difi'erent  authorities  have  been 
applied  to  for  returns,  and  that  probably  each  different  authority  keeps 
its  books  on  a  different  plan,  some  notion  of  the  labour  undergone  in 
compiling  the  table  will  have  been  foniied.  It  will  be  seen  that  the 
thirty-eight  Metropolitan  Vestries  and  District  Boards  of  Works  appear 
in  the  same  order  as  usual  in  such  returns ;  the  Vestries  being  separator 
from  the  Districts.  If  it  had  been  possible,  we  should  have  preferred 
a  difi'erent  arrangement,  based  on  other  considerations.  The  great 
roads  of  London,  and  their  minor  feeders,  radiate  from  the  City  as  a 
centre,  something  like  the  threads  of  a  completed  spider's  web.  As 
we  leave  the  centre,  the  main  roads  necessarily  diverge  farther  apart, 
until  lost  in  the  surrounding  country.  If  the  metropolitan  area  were 
divided  into  small  regular  squares,  or  hexagons,  of  equal  areas,  it 
would  be  possible,  starting  from  the  City  as  a  centre,  to  pretty  closely 
classify  portions  of  the  divisions,  now  coming  under  the  headings  of 
parishes  and  districts,  into  four  principal  zones.  Within  a  circle  of 
about  two  miles  radius  from  St.  Paul's,  enclosing  an  area  of  some 
thirteen  square  miles,  we  should  find  that  all  the  streets  are  paved. 
Another  circle,  or  perhaps  rather  an  ellipse,  with  the  Thames  from  the 
Tower  to  Somerset  House  as  its  major  axis,  would  enclose  the  principal 
Guernsey  granite  areas ;  farther  out  we  should  find,  still  of  course  deal- 
ing with  the  generality  of  minor  roads,  a  zone  mainly  composed  of  flint 
roads ;  until,  at  the  farthest  distances  from  the  City,  and  of  course  in 
regions  of  lesser  traffic,  we  reached  the  outermost  zone  of  gravel  or 
pebble  roads.  It  is  of  course  at  once  seen  that,  as  the  traffic  increases 
towards  the  centre  of  the  web,  the  roads  have  to  be  made  stronger  and 

*  The  table  here  referred  to  is  given  In  abstract  at  page  152,  an<e.— D.K.C. 
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BtroTiger,  until  a  centre  is  reached  entii-ely  paved  with  the  hardest 
granite. 

We  must  note  that  the  term  "  macadamised "  is  hy  some  London 
surveyors  strictly  confined  to  a  road  laid  with  granite ;  by  others  it  ia 
extended  to  flint  roads,  which  again  are,  by  some  surveyors,  put  under 
the  category  of  gravel  roads.  We  have  tried  in  the  table  to  separate 
as  much  as  possible  the  granite  from  the  flint  and  gravel  roads. 

It  will  be  observed  how  the  average  width  of  the  streets  and  roads 
in(;rcases  in  the  wealthier  parishes,  and  gradually  diminishes  in  the 
poorer  and  older  ones.  In  St.  James's,  Westminster,  and  Battersea, 
the  roads  are,  on  the  average,  50  feet  wide  ;  in  Paddington  we  have 
an  average  width  of  45  feet ;  in  St.  George's,  Hanover  Square,  40  feet; 
and  in  St.  George's  in  the  East  only  1 8  feet. 

The  Present  Extent  of  the  Roads  in  the  3Ietropolis. — Mr.  George  Vul- 
liamy,  architect  of  the  Metropolitan  Board  of  Works,  in  his  "  Memo- 
randum as  to  the  Means  of  providing  Fire-plugs  in  the  Metropolis," 
assumes  the  length  of  streets  in  London  at  from  2,000  to  2,500  miles. 
This  rough  estimate  includes  the  paved  roads.  Our  table,  based  on 
thirty-six  different  returns,  from  as  many  parish  and  district  surveyors, 
gives  more  than  1,100  miles  of  macadamised  roads  in  the  metropolitan 
limits,  with  an  estimated  total  area  of  nearly  twenty -three  millions  of 
square  yards.  These  totals  arc  really  far  below,  rather  than  over,  the 
mark,  as  they  do  not  take  into  account  the  areas  of  private  roads,  of 
which  there  exist  a  great  number,  especially  at  the  outskirts,  such  as 
towards  Battersea,  Lewisham,  Islington,  Hackney,  and  other  districts. 
Besides,  in  the  few  cases,  such  as  INIarylebone  and  others,  in  which 
incomplete  returns  of  lengths  or  areas  could  be  obtained,  the  figures 
given  have  been  estimated  low. 

These  totals  also  exclude  the  gravel  footpaths,  the  areas  of  which  are 
very  considerable  in  many  parishes. 

The  public  and  private  parks  are  also  not  included.  In  the  former, 
Hyde  and  St.  James's  Parks  alone  contain  eight  miles  of  roadway 
under  Government  supervision.  With  Eegent's  Park,  Battersea, 
Victoria  and  the  other  Parks,  at  the  very  least  thirty  miles  of  roads 
could  be  added. 

It  will  be  observed  on  looking  at  any  map,  that  the  metropolitan 
area  of  parishes  has  grown  into  the  shape  of  a  huge  bunch  of  grapes 
from  the  Thames  as  the  stalk  of  the  whole  bunch.  Between  the 
fringes  of  its  irregular  contour  are  great  areas  of  inhabited  country, 
often  as  much  covered  with  roads  as  the  adjacent  metropolitan  parishes 
I^roper.  There  are  thus  immense  areas  of  roads  on  the  outskirts.  For 
instance,  Mr.  Browse,  surveyor  of  the  Metropolis  Roads  Office,  has 
nut  less  than  seventy  miles  of  macadamised  turnpike  roads,  beyond  the 
metropolitan  area,  but  still  in  ^Jsliddlesex.  These  seventy  miles  have 
5Ui  average  width  of  40  feet,  without  reckoning  the  footpaths. 
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Thus,  taking  the  districts  of  Plumstead  and  Lcwisham,  the  farthest 
from  the  centre  of  London,  as  giving  a  measure,  in  the  ratio  of  the 
area  of  their  roads  to  acreage,  of  the  proportion  of  roads  on  the  out- 
skirts, we  should  find  that,  within  a  radius  of  only  twelve  miles  from 
Charing  Cross,  there  are  at  least  forty  millions  of  square  miles  of 
macadamised  roads. 

The  Future  Extent  of  the  Roads  of  the  Metropolis.— K^  might  naturally 
he  expected,  considerable  areas  of  roads  are  being  laid  down  every 
year  in  the  metropolis,  and  especially  in  the  outlying  metropolitan 
districts.  In  many  districts,  such  as,  for  instance,  Wandsworth,  at 
least  two  or  three  miles  are  laid  down  annually. 

The  total  population  of  1861  was  three  times  that  of  1801,  having 
trebled  itself  in  sixty  years.  From  the  figures  giving  the  population 
of  London  at  the  end  of  every  decade  since  1801,  it  can  bo  seen  that, 
since  the  beginning  of  the  present  century,  the  metropolitan  popula- 
tion has  doubled  itself  in  about  forty  years.  In  fact,  the  Registrar- 
General  estimates  that  the  metropolitan  population,  which  in  1866  was 
more  than  3,000,000,  will,  at  the  present  rate  of  increase,  in  forty  years 
be  doubled,  or  will  rise  to  6,000,000.  Should  the  population  double 
itself  in  the  next  forty  years,  the  mean  annual  rate  of  increase,  calcu- 
lating from  1865,  during  that  period,  will  be  about  75,000.  After 
making  every  allowance  for  the  "tendency  to  build  houses  much 
liigher  than  was  formerly  the  custom,"  and  without  taking  into  account 
the  opposing  and  corrective  tendency  to  lay  out  wider  streets  than 
formerly,  Mr.  Haywood  estimates  that  "  at  the  expiration  of  thirty- 
nine  years  hence,  perhaps  forty  or  fifty  square  miles  of  open  country 
will  be  covered,  more  or  less  closely,  with  houses,  for  the  additional 
three  millions  of  inhabitants  which  will  then  exist.  But,"  he  goes  on 
to  say,  "  there  are  other  causes  which  have  arisen  of  late  years  tending 
largely  to  disperse  and  radiate  that  part  of  the  existing  population 
which  is  above  the  operative  classes,  the  principal  agency  being  th« 
facilities  for  transit  ofi"ered  by  railways.  The  tendency  of  that  class, 
undoubtedly,  is  to  seek  cheaper  residences  and  a  purer  atmosphere,  and 
consequently  to  encroach  still  further  upon  the  open  area  surrounding 
the  metropolis,  so  that  probably  sixty  square  miles  of  open  country,  if 
not  a  considerably  larger  area,  will  be  covered  and  occupied  by  the 
time  the  population  reaches  six  millions."  This  would  give  an  area 
one-half  more  than  at  present. 

The  minimum  Annual  Saving  to  London  Batepayers  derivahle  from  the 
me  of  Steam  Eoad-rolling. — After  taking  the  most  minute  precautions 
against  error,  we  feel  some  confidence  that  our  figures  of  economy 
through  road-rolling  are  much  below  the  mark.  We  see  by  the  table 
that  there  are  at  least  1,126  miles  of  macadamised  road  in  the  thirty- 
nine  metropolitan  parishes  and  districts,  and  that  their  total  area  is  at 
least  21,562,605  square  yards.     Of  course,  the  true  measure  of  the 
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work  to  "be  done  -would  be  a  figure  giving  the  exact  cubic  contents  of 
exactly  the  same  kind  of  metalling  consumed  in  a  given  period  of  time 
over  the  given  area.  It  is  impossible  to  obtain  this,  though  we  know 
that  the  surfaces  of  many  London  roads  have  to  be  renewed  several 
times  a  year.  We  find,  however,  as  can  be  seen  in  the  table,  that 
there  were  expended  on  the  roads  and  streets  in  the  London  parishes 
and  districts  duriug  the  /ear  1866-7  £714,662;  and  during  1867-8, 
£781,003.  From  a  number  of  returns  forwarded  to  us  by  different 
London  surveyors,  we  estimate  that  the  average  annual  cost  of  main- 
tenance, exclusive  of  cleansing  and  watering,  of  the  London  maca- 
damised roads,  is  £280,750,  or  at  the  rate  of.  in  round  figures,  £250 
per  mile. 

"We  have  seen,  from  not  less  than  seven  estimates,  that  the  saving  in 
maintenance  through  horse  road-rolling  can  bo  estimated  at  40  per 
cent.,  and  that  the  French,  after  nearly  ten  years'  experience  in  Paris, 
consider  that  they  save  50  per  cent,  in  maintenance  over  and  above 
horse-rolling.  Therefore,  even  if  we  assume  that  only  50  per  cent,  is 
saved  by  steam -rolling,  Vfe  have  a  gain  of  more  than  £140,000  per 
annum,  without  reckoning  the  diminution  of  scavengering  and  water- 
ing, and  many  other  sources  of  economy. 

It  will  be  observed  that  this  sum  is  less  than  one-fifth  of  the  grand 
total  of  that  spent  in  1867-8  on  all  the  charges  for  the  London  roads ; 
and  that,  capitalised  at  three  per  cent.,  it  represents  more  than  four 
and  a  half  millions. 

The  Classes  directly  interested  in  the  Application  of  Steam  Road-rolling. 
— As  every  one  uses  roads,  and  is  directly  or  indirectly  a  ratepayer, 
every  one  may  be  said  to  be  more  or  less  interested.  This  of  course 
applies  more  directly  to  every  owner  of  a  horse,  for  the  reasons  we 
have  already  given  at  length,  under  the  heading  of  saving  in  draught ; 
but  still  to  every  user  whatsoever  of  the  road.  As  a  London  local  paper, 
the  "  Parochial  Critic,"  observes,  "  an  uncovered  part  is  seized  upon 
by  every  humane  driver,  and  quite  a  contest  takes  place  for  possession 
of  the  smooth  portion.  When  all  is  covered  by  loose  sharp  stones  the 
drivers  and  horses  yield  themselves  to  their  fate,  and  drag  through  the 
punishment  as  best  they  can.  A  return  of  the  number  and  character 
of  accidents  occasioned  by  the  present  system  of  road-making  for  the 
last  seven  years  would  surprise  the  ratepayers." 

As  usual  in  such  cases,  although  the  complaints  of  the  wealthy  are 
heard  more  loudly,  the  poor  probably  suffer  most.  It  is  said  that,  in 
some  parishes,  the  habit  is  to  lay  down  the  loose  stones  in  October, 
and  to  leave  them  to  be  consolidated  by  the  passing  traffic  before  the 
rich  inhabitants  return  to  town  in  February.  The  work  of  rolling  is 
thas  thrown  on  draught -carts,  the  vehicles  of  the  poorer  classes,  and 
especially  the  omnibus — the  poor  man's  own  conveyance.     The  dimi- 
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nution  in  the  work  of  traction  produced  by  road-rolling  certainly 
ought  to  direct  the  attention  of  the  omnibus  companies,  now  serving  a 
passenger  traffic  in  which  they  have  to  compete  with  tlie  metropolitan 
railways,  and  soon  with  the  tramways — the  proprietors  of  railway 
vans,  such  as  those  of  Messrs.  Pickford  and  Chaplin  and  Home,  and 
of  the  railway  coal-carts — to  this  mode  of  saving  wear  and  tear  of 
horseflesh  and  vehicles.  Any  road  whatever  is  neither  more  nor  less 
than  an  apparatus  for  saving  draught ;  and  the  only  advantage  of  a 
railroad  is  that  it  has  so  much  less  draught  on  its  rails  that  it  econo- 
mises the  work  of  traction.  The  roads  of  a  city  are  in  fact  the  per- 
manent way  and  fixed  plant  of  its  means  of  locomotion. 

The  Amount  of  Capital  invested  in  Horses  and  Vehicles  in  the  Metropolis. 
• — In  order  to  obtain  some  farther  measure  of  the  extent  of  the  classes 
directly  interested  in  the  application  of  steam  road-rolling,  we  will 
form  an  estimate  of  what  an  engineer  would  term  the  rolling-stock  of 
the  London  roads.  According  to  recent  fiscal  arrangements,  all  horses 
whatsoever  are  taxed,  and  also  all  vehicles,  with  the  sole  exception  of 
trade  carts  for  burthens,  on  which  are  painted  the  name  and  address 
of  the  proprietor.  This  gives  an  easy  means  of  getting  at  the  number 
of  horses  and,  approximately,  the  number  of  vehicles.  The  Honour- 
able Commissioners  of  Inland  Revenue  have  obligingly  furnished  us 
with  figures,  giving  the  number  of  horses,  and  of  taxed  vehicles, 
within  a  circle  of  a  radius  of  4|-  miles  from  Charing  Cross,  and  hence 
covering  the  greater  part  of  the  metropolitan  area.  There  are  thus 
71,903  horses  in  all,  and  24,095  taxed  carriages,  within  this  space. 

On  account  of  the  untaxed  trade  carts,  we  may  safely  raise  the 
number  of  vehicles  to  30,000.  In  the  absence  of  any  exact  data,  there 
may  probably  be  difi'erent  opinions  as  to  the  relative  numbers  of  the 
diflferent  kinds  ;  but  the  following  rough  estimate  will  not  be  very  far 
from  exactitude,  especially  as  we  have  verified  the  numbers  we  have 
estimated  for  the  cabs  and  omnibuses  by  inquiry  at  Scotland  Yard. 
Of  light  carts,  vans,  gigs,  phaetons,  15,000,  which,  at  the  price  of  £30 
each,  would  give  a  sum  of  £450,000 ;  cabs,  7,000  at  £35  each,  give 
£245,000 ;  omnibuses,  2,000  at  £60,  £160,000 ;  heavy  carts  and  wag- 
gons, 3,500  at  £50  each,  £175,000;  carriages,  broughams,  &c.,  2,500 
at  £120  each,  £300,000.  This  would  afford  a  total  of  £1,290,000 
invested  in  vehicles  ;  and  harness  may  be  estimated  at  40,000  sets,  at 
the  rate  of  £4  each,  or  £160,000.  The  depreciation  of  this  capital  is 
very  heavy,  as  experts  estimate  that  vehicles,  the  first  prices  of  which 
are  £20  to  £150,  cost  from  £4  to  £15  per  annum  in  repairs;  and  the 
wear  and  tear  of  harness  is  always  very  considerable. 

Each  of  the  15,000  light  cart,  gig,  phaeton,  or  van  horses  we  will 
take  to  require  one  horse,  of  the  value  of  £20,  or  a  total  value  of 
£300,000.  Each  of  the  £7,000  harder  worked  cabs  would  require  two 
horses,  as  a  horse  must  be  in  stable  at  least  three  days  a  week ;  but 
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their  average  value  can  only  lie  taken  as  £15,  or  a  total  of  £225,000. 
As  few  omnibus  horses  do  more  than  one  journey  a  day,  and  even  then 
often  rest  one  or  two  days  a  week,  we  prohably  have  30,000  horses  to 
the  2,000  omnibuses ;  and  being  of  a  somewhat  superior  kind,  they 
must  be  estimated  at  the  rate  of  £30  each,  or  a  total  of  £900,000. 
Heavy  cart  or  waggon  horses,  7,000  at  £60  each,  and  two  per  cart,  will 
give  £420,000 ;  and  carriage  and  brougham  horses,  two  per  vehicle, 
5,000  at  £100  each,  will  employ  the  sum  of  £500,000.  On  account  of 
their  inconsiderable  number,  especially  in  the  centre  of  London — for 
we  are  only  considering  the  area  within  a  radius  of  4|  miles  from 
Charing  Cross — we  have  left  out  the  riding-horses.  The  total  capital 
thus  invested  in  horse-flesh  we  may  estimate  at  £2,345,000 ;  and, 
adding  to  this  £1,290,000  for  vehicles,  and  £160,000  for  harness,  we 
have  a  total  of  £3,735,000,  or  of  nearly  four  millions  of  pounds  sterling, 
invested  in  the  rolling-stock  of  the  metropolitan  highways. 

THE  HISTORY  OF  HORSE  ROAD-ROLLING. 

The  first  recorded  allusion  to  road-rollLng  seems  to  have  been  made 
in  the  letters  patent  granted  in  1619  to  a  certain  John  Shotbolte,  who, 
without  enrolling  any  specification,  speaks  of  using  "land  stearnea, 
scowrers,  trundlers,  and  other  strong  and  massy  engines,"  "in  the 
making  and  repairing  of  highways  and  roads."  In  Partington's 
"  British  Cyclopaedia  of  the  Arts  and  Sciences"  (1835)  we  find  it  stated 
that  it  was  soon  after  the  year  1700  that  a  part  of  the  charge  of 
repairing  roads  was  taken  ofi"  the  parishes  and  levied  on  the 
traveller  by  means  of  turnpike-gates.  It  was,  nevertheless,  a  com- 
plaint that  the  roads  were  little,  if  at  all,  improved  by  the  expenditure 
of  the  money  so  raised.  This  complaint  is  energetically  advanced  in 
"a  dissertation  concerning  the  present  state  of  the  high-roads  of 
England,  especially  of  that  near  London,  wherein  is  proposed  a  new 
method  of  repairing  and  maintaining  them,"  read  before  the  Royal 
Society  in  the  winter  of  1736-7  by  Robert  Phillips,  and  printed  in  a 
smaU  separate  volume.  "  The  author's  great  object  is  to  recommend 
washing  the  roads  by  a  constant  stream,  if  possible;"  at  any  rate, 
washing  the  materials — in  which  he  partly  anticipates  Macadam — of 
which  they  are  composed.  Phillips  strongly  remonstrates  against  "  the 
practice  of  laying  down  large  heaps  of  unprepared  gravel  to  be 
gradually  consolidated  into  a  harder  mass,  at  the  expense  of  the 
intolerable  labour  of  the  poor  animals  that  are  obliged  to  grind  it 
down."  His  complaint  has  been  re-echoed  in  London  for  more  than 
one  hundred  and  thirty  years,  but  with  little  practical  results. 

The  first  proposal  of  a  road-roller,  on  a  sound  and  scientific  basis, 
was  made  by  a  French  Royal  Engineer  of  Roads ;  and  already,  in 
1787,  M.  de  Cessart,  then  Inspecteur  General  des  Fonts  et  C/iaussees, 
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recommended  a  cast-iron  roller  for  rolling  down  nowly  metalled  roads. 
He  chose  it  8  feet  long,  3  feet  in  diameter,  and  of  a  weight  of  7,000  old 
French  pounds.  Very  soundly  he  compared  its  action  on  broken  stone 
roads  to  that  of  a  pavior's  hammer  on  paving  stones,  and  altogether 
his  description  is  what  might  he  expected  from  a  scientific  engineer. 
The  Assemblee  des  Fonts  et  Chaussces  strongly  advised  a  careful  trial ; 
but  the  disturbed  political  state  of  France,  then  in  the  throes  of  her  first 
Eevolution,  evidently  had  the  effect  of  preventing  the  continuation  of 
the  experiment.  De  Cessart's  description  is  republished  in  the  volume 
for  1844  of  the  Jmiales  des  Fonts  et  Chaussces.  Philip  Hutchinson  Clay 
patented  and  specified  in  England,  in  1817,  "  a  large  roller  which,  with 
the  carriage  over  it,  empty  or  filled  with  gravel  or  other  material,  may 
be  made  to  press  upon  the  road  any  weight  from  6  tons  to  20  tons,  and 
by  being  used  frequently,  will  press  the  moisture  to  the  surface,  and 
admit  the  sun  and  rain  to  act  upon  it,  at  the  same  time  pressing  down 
the  loose  material  and  making  the  road  more  even."  That  Clay  under- 
stood the  subject  is  evident  from  his  using  "  a  gravel  cart,"  *'  fixed 
upon  a  roller,  to  carry  gravel  or  other  material  used  in  the  repairs  of 
roads,  and  deposit  it  where  necessary,  the  great  advantage  being  that 
it  improves  the  roads  it  passes  over,  and  will  be  particularly  useful  in 
districts  where  material  is  scarce,  whereas  the  present  mode  of  carrying 
it  in  carts  with  narrow  wheels  destroys  the  road  it  passes  over."  This 
plan  was  afterwards  carried  out  in  Ireland  by  Sir  John  Burgoyne 
John  Biddle  patented,  in  1825,  "a  combination  of  machinery  for 
making,  repairing,  and  cleansing  roads,  consisting  of  scrapers  com- 
bined with  rollers."  The  road-roller  thus  seems  to  have  been  used  by 
several  English  inventors ;  and  it  is  acknowledged  by  the  French  that 
a  sight  of  some  at  work  in  London  revived  the  attention  of  Continental 
engineers  to  their  use.  A  road-roller  was  tried  as  far  back  as  1826  on 
the  road  near  Gottingen  from  Hanover  to  Cassel ;  but  the  experiments 
did  not  succeed  at  the  time,  and  it  was  only  between  1837  and  1840 
that  Herr  E.  Bokelberg,  now  Weghaurath  (literally  "  Eoad-making 
Councillor"),  practically  introduced  the  process  into  Hanover.  The 
first  roller  adopted  in  actual  practice  in  France  appears  to  have  been 
one  by  M.  Polonceau,  the  celebrated  builder  of  the  Carrousel  Bridge, 
in  1829.  This  roller  is  said  to  have  been  built  up  of  wooden  lagging 
tied  together  with  iron  hoops,  and  weighted  with  stone?^  being,  as  to 
construction,  long  behind  that  of  De  Cessart.  Wooden  rollers,  filled 
with  stones,  sand,  or  clay,  were  in  use  in  France,  about  thirty  years 
ago,  in  the  department  of  the  Marne  et  Loire ;  and  one  of  this  kind 
is  illustrated  in  a  volume  for  1840  of  the  Annales  des  Fonts  et  Chaussees. 
Rollers  made  of  solid  stone  and  granite  were  also  used  at  the  beginning. 
Some  French  writers  state  that  the  horse-roller  was  first  re- introduced 
from  England  into  France,  in  1833,  by  M.  Fortin.  Dr.  Riihlmann,  of 
Hanover,  unknown  to  ourselves,  arrived  some  years  ago  at  the  same 
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conclusion  that  road-rollers  first  began  to  appear  in  actual  practice  in 
1830,  or  thereabouts;  and  tliat  they  were  introduced  into  Hanover  in 
1837,  or  after  their  appearance  in  France.  As  we  know,  the  Hano- 
verian administration  of  the  roads  has  the  reputation  of  being  the  very- 
best  in  all  Germany.  The  year  1830  is  about  the  date  given  by  Mr. 
Vignoles  as  that  of  the  general  and  oflBicial  adoption  by  the  French  of 
Macadam's  system  of  roads,  of  which  they  at  once  perceived  that 
rolling  is  the  indispensable  concomitant.  They  hold  that  an  vinroUed 
macadamised  road  is  only  half  finished ;  and  the  centralization  of  the 
French,  Hanoverian,  and  Prussian  administrations  of  the  roads  has 
facilitated  the  universal  combination  of  rolling  with  the  system  of 
macadamisation.  In  1837,  Mr.  (now  Sir  John)  Macneil  patented  the 
use  of  a  kind  of  road  consisting  of  pieces  of  cast  or  wrought  iron 
mixed  with  broken  stone  and  gravel.  It  was  to  be  consolidated  by 
horse-rolling  in  preference  to  wheel  traffic.  That,  however,  road- 
rolling  was  not  much  known  in  England  by  1838,  appears  from  an 
examination  of  Sir  Henry  Pamell's  celebrated  work  on  roads,  the 
second  edition  of  which  was  published  in  that  year.  The  Right 
Honourable  Sir  Henry  Pamell,  Bart.,  was  constituted  the  Government 
Commissioner  of  the  Holyhead  roads,  laid  out  by  Telford;  and  the 
plans,  specifications,  and  contracts  drawTi  by  Telford  are  printed  in  the 
body  of  the  work.  No  mention  is  made  of  road-rolling — as  little  as  by 
Macadam  himself,  in  the  sixth  edition  of  his  work,  published  in  1822. 
It  is  well  known  that  Sir  John  Loudon  Macadam  rather  directed  his 
attention  to  the  construction  of  new  roads  and  to  restoring  bad  ones 
than  to  the  maintenance  proper  of  good  roads.  Some  of  his  principles 
are  no  doubt  applicable  to  maintenance  as  well  as  to  making  and 
repairing,  but  there  is  a  good  distance  from  that  to  a  complete  method. 
The  first  recommendation  in  the  English  language  of  horse  road- 
rolling,  as  a  measure  of  economy,  was  published  by  Colonel  (now 
Field-Marshal)  Sir  John  F.  Burgoyne,  R.E.,  in  1843,  when  Chairman 
of  the  Board  of  Works  in  Ireland.  He  was  one  of  the  first  engineers 
who  used  it  in  their  own  work,  and  certainly  the  first  in  England  to 
scientifically  recommend  it,  not  as  a  refinement,  but  as  a  necessity. 
Before  1840,  as  appears  from  the  Verhandlungen  des  Vereins  zur  Bef'or- 
derung  des  Geiverbjleisses  in  Freussen,  road-rolling  was  officially  and 
universally  introduced  upon  the  Prussian  roads.  There  can  be  little 
doubt  that  sooner  or  later  all  the  rest  of  Europe  will  imitate  Prussia 
in  this,  the  only  logical  and  truly  economical  mode  of  road  mainte- 
nance, just  as  the  Prussian  authorities  are  being  tardily  copied  in 
their  first  use  of  breechloaders,  in  their  army  administration,  com- 
pulsory education,  preliminary  examination  of  patents  for  inventions, 
the  stringent  management  of  their  civil  services,  and  other  matters. 

A  great  number  of  difi'erent  constructions  of  horse-rollers  are  in  use, 
designed  with  regard  to  facility  in  turning  at  the  ends,  facility  for 
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increasing  or  diminishing  the  load  on  the  roller,  and  case  of  draught. 
The  most  elegant  of  these  contrivances  is  the  roller  ballasted  with 
water ;  obviously  affording  a  very  easy  means  for  Hghtening  or 
increasing  the  load.  It  is  generally  believed  in  England  to  be  a  homo 
invention,  though  really  first  applied  and  described  in  1853,  by  a 
Government  Engineer,  Gt.  Nell,  employed  in  Prussian  Silesia. 

THE  IIISTOEY  OF  STEAM  KOAD-ROLLING. 

In  the  presence  of  the  settled  employment  in  France  of  horse -rollers, 
it  was  natural  to  expect  that  French  inventive  talent  should  first  seek 
for  the  usual  substitution,  in  an  implement  in  much  requisition,  of 
steam  for  horses.  The  limitation  of  the  areas  paved  with  "  setts  "  in 
Paris  and  other  large  cities,  said  to  be  ordered  by  Napoleon  III.  as  a 
timely  precaution  against  street  barricades,  has  also  greatly  favoured 
the  employment  of  the  steam-roller  by  raising  the  demand  for  a  very 
high  and  durable  class  of  macadam,  especially  for  tho  centres  of 
Parisian  traflSc.  The  main  impulse  towards  the  use  of  the  steam- 
roller in  France  was,  however,  the  extraordinary  economy  in  main- 
tenance found  to  be  derived  from  horse,  and  d  fortiori  to  be  expected 
from  steam,  road-rolling.  The  saving  to  the  public  in  wear  and  tear 
of  horse-flesh,  vehicles,  and  harness,  however  great,  could  scarcely  have 
BO  much  stimulated  the  road  authorities.  The  publication  more  than 
a  quarter  of  a  century  ago  of  these  economical  results  of  horse-rolling 
has  had  little  or  no  effect  on  our  road  management ;  the  yet  greater 
advantages  obtained  in  France  from  steam  road-rolling  may,  however, 
possibly  do  more. 

The  first  patent  for  a  steam  road-roller  was  taken  out  in  France,  at 
the  beginning  of  1859,  by  M.  Louis  Lemoine,  of  Bordeaux.  His  roller 
was  not  patented  in  England,  nor  ever  fully  described  in  any  publica- 
tion. At  the  meeting  on  the  13th  of  February,  1861,  of  the  Societe  d" En- 
couragement, the  well-known  engineer,  M.  Combes,  is  recorded  to  have 
described — though  his  description  is  not  given  in  the  Bulletin  of  the 
Society — Lemoine' s  roller,  which  he  had  seen  at  work  on  the  Bordeaux 
roads.  M.  Lemoine  was  then  an  employe  of  the  Bordeaux  municipality. 
This  steam-roller  appears  to  have  consisted  of  one  main  roller  for 
doing  the  work  ;  the  engine,  weighing  in  all  only  about  ten  tons,  being 
steered  by  a  pair  of  side  wheels,  the  axles  of  which,  by  means  of  gear- 
ing, could  be  set  at  varying  angles  to  the  main  roller.  In  1860  M. 
Lemoine's  roller  was  tried  on  the  road  of  the  Bois  cle  Boulogne.  Ballai- 
son's  steam-roller,  patented  in  France  in  August,  1860,  and  now  in  use 
by  Gellerat  and  Co.,  the  Paris  Steam  Road-rolling  Company,  was  also 
there  tried  in  August  of  the  following  year.  In  1862  experiments 
were  carried  out  with  both  these  steam-rollers  by  the  French  engineers 
of  the  State,  M.M.  Darccl  and  Iyabi'>-,  who  gave  an  account  of  them  in 
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an  unpviblished  report  of  May  of  that  year.  They  expressed  strong 
opinions  in  favour  of  steam-rolling  in  general,  giving  the  preference 
to  the  Ballaison  roller.  An  extract  from  this  report  was  printed  in 
M.  Homberg's  Notice  sur  Us  voies  em/  ierrees  et  asphaltceH  de  Pxris  (186-3). 
They  observe  that  the  only  possible  apparent  objection  to  steam-rollera 
is  their  frightening  the  horses.  We  understand  from  M.  Lemoine  that 
since  these  trials  he  has  made  several  different  forms  of  rollers,  now  at 
work  in  Bordeaux  and  its  environs.  By  this  time  the  system  has 
firmly  established  itself  in  Paris  and  elsewhere  in  France  by  a  success 
extending  over  more  than  seven  years. 

The  results  obtained  in  Paris  during  the  couple  of  years  after  1861 
attracted  little  or  no  attention  in  England,  The  main  reason  for  this 
is  to  be  found  in  the  slight  importance  attached  by  most  of  our  road 
authorities  to  rolling.  It  is  not  regarded  as  a  necessity  but  as  a 
luxury.  Quite  independently  of  the  French  inventors,  Mr.  W.  Clark, 
chief  engineer  to  the  municipality  of  Calcutta,  in  1863  conceived  the 
idea  of  a  self-propelling  steam  road-rolling  engine,  with  its  weight 
uniformly  distributed  over  the  whole  width  of  the  rollers  Ihe 
different  English  traction  engine-makers  to  whom  Mr.  Clark  applied 
were  unwilling  to  make  designs  and  patterns  for  a  single  implement ; 
and  at  last  ISIr.  Clark  having  consulted  Mr.  W.  F.  Batho,  of  Birming- 
ham, the  engineering  manager  of  Mx.  Josiah  Mason's  vast  under- 
takings, and  well  known  in  the  profession  for  his  original  constructive 
talent,  an  engine  on  Mr.  Batho's  designs  was  made  by  Mr.  Worsdell  of 
that  town  and  sent  out  to  Calcutta,  where  it  has  done  good  service. 
This  design,  patented  in  186a  ly  Messrs.  Clark  and  Batho,  was  there- 
fore that  of  the  first  steam  road-roller  ever  tried  or  patented  in  Great 
Britain.  The  chief  features  of  Clark  and  Batho's  patent  are  the  use  of 
three  sets  of  rollers,  two  in  front  acting  as  drivers,  while  the  third  is 
set  up  in  a  turn-table,  being  adjustable  so  as  to  steer  the  engine,  at 
the  same  time  overlapping  the  space  between  the  two  outside  drivers. 
At  about  this  time  Mr.  Batho  went  to  much  trouble  in  trying  to  pre- 
vail upon  the  road  authorities  of  many  of  the  larger  towns  to  adopt 
^toum-rolling,  but  without  the  least  success.  In  a  history  of  the  sub- 
ject he  must,  however,  figure  as  the  first  Englishman  who  fully  com- 
prehended the  national  importance  of  steam  road-rolling ;  and  we 
understand  that,  although,  as  we  have  stated,  the  first  experiments  were 
made  in  France,  yet  his  steam  road-roller  was  the  first  thoroughly 
successful  implement  of  the  kind.  About  a  year  afterwards,  Ballai- 
son's  steam-roller  appeared  on  the  English  patent  lists  as  a  commimica- 
tion  from  Messrs.  E.  Gellerat  and  Co ,  of  Paris ;  and  in  May,  18(55, 
that  Company  concluded  a  six  years'  contract  with  the  Administration 
of  Paris  for  rolling  the  roads  of  that  capital.  In  the  meantime  the 
roller  made  by  Mr.  Batho  for  Calcutta  had  been  at  work  there  since 
1861,  more  than  repaying  its  entire  first  cost.     The  Bombay  autho- 
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iities  accordingly  instructed  their  agent  to  order  one  of  Clark  and 
Batho's  engines,  through  Captain  Trever,  R.E.,  who,  however,  pre- 
ferred to  employ  Messrs.  Moreland  and  Son,  of  London.  These 
gentlemen  accordingly  made  two  engines  which  were  sent  out  to 
Bomhay.  In  1866,  Messrs.  Eastons,  Amos,  and  Anderson  undertook 
some  contracts  for  rolling  roads.  Mr.  Anderson  informs  us  that  the 
firm  "happened  to  have  one  of  Aveling  and  Porter's  12-horse  traction- 
engines,  and  it  occurred  to  them  to  har:  ess  it  to  a  10-ton  roller,"  6  feet 
in  diameter  and  length.  They  "commenced  operations  in  1866  by 
rolling  the  new  roads  of  the  Belvedere  Estate,"  Belvedere,  near  Erith. 
The  firm  "  subsequently  made  a  contract  with  the  First  Commissioner 
of  Works  to  roll  the  roads  in  Uyde  Park,"  and,  "  during  the  autumn 
of  1866  and  the  early  part  of  1867"  the  engine  and  roller  were  Icoj)t 
in  that  park,  tjiough  the  Government  officials  were  anything  but 
favourable  to  its  employment-  It  again  illustrates  the  little  atten- 
tion paid  in  England  to  what  is  being  done  abroad,  that,  tliough 
the  city  of  Paris  had,  nearly  a  year  before,  concluded  a  six  years' 
contract  with  the  Paris  Steam  Road-rolling  Com})any,  yet  tliis 
eminent  firm  employed  a  certainly  ingenious,  but  compirativcly  ineffi- 
cient, combination  for  the  purpose.  It  was  soon  found  that  the  wheels 
of  the  traction-engine  left  deep  ruts  that  were  not  made  good  by  the 
roller,  and  that  much  time  was  lost  in  turning ;  but  that  the  dead  load 
of  the  boiler  and  engine — useless  in  the  traction-engine — could  bo 
made  to  do  good  work  in  rolling.  What  with  these  observations,  and 
the  reports  probably  more  or  less  current  about  the  success  of  the  Paris 
and  the  Calcutta  rollers,  Messrs.  tVveling  and  Porter  determined  to 
adapt  their  form  of  traction-engines  to  this  purpose.  The  result  is  a 
combination  of  theii-  simple  and  efficient  form  of  traction-engine  with 
the  arrangement  of  rollers  and  turn-table  patented  in  1863  by  ]Messrs. 
Clark  and  Batho.  Towards  the  end  of  September,  1867,  Messrs. 
Aveling  and  Porter  supplied  a  30-ton  steam  road-roller  to  the  borough 
authorities  of  Liverpool,  where  it  has  been  ever  since  at  work  to  the 
satisfaction  of  the  engineer.  Subsequently  to  this,  Messrs.  Moreland 
and  Son  hired  to  the  Government  the  steam  roller  now  [1870]  in  use  in 
Hyde  Park.  In  1867  steam  road-rollers  began  to  be  introduced  into 
Hanover.  The  manufacture  of  the  rollers  on  the  Ballaison  construction, 
was  taken  up  trwai^is  the  end  of  1868  by  Messrs.  Manning,  Wardle, 
and  Co.,  of  Leeds ;  and,  at  the  beginning  of  last  year,  a  paper  giving  a 
description  o-l  the  steam-roller  used  in  Paris,  was  brought  before  the 
Institution  of  Mechanical  Engineers,  Birmingham,  by  M.  Gellerat,  of 
Paris,  eliciting  an  interesting  discussion  on  the  whole  subject. 
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ASPHALTE  for  pavement,  17, 
130  ;  artificial  asphaite,  131 ; 
wheel-tracks,  134,  214,  242 

Asphaite,  Barnett's  liquid  iron, 
pavement,  245,  249,  254,  256, 
258,  259  ;  cost,  259  ,  wear,  254, 
256 

Asphaite,  Bennett's  foothold  me- 
tallic, pavement,  246 

Asphaite,  Lillie's  composite,  pave- 
ment, 247 

Asphaite,  Limmer  mastic,  pave- 
ment, laid  in  the  City  of  Lon- 
don, 244,  249,  254,  256,  258, 
259  ;  cost,  237,  256,  259 ;  wear, 
254,  256 

Asphaite,  Maestu  compound,  pave- 
ment, 246 

Asphaite,  Montrotier  com- 
pressed, pavement,  246,  249, 
254,  '256  ;  cost,  246  ;  wear,  254, 
256 

Asphaite,  patent  British,  pave- 
ment, 245 

Asphaltes,  Societe  Francaise  des, 
pavement,  by,  246,  249,  254 

Asphaite,  Stone's  sHpless,  i)ave- 
ment,  246 

Asphaite,  Trinidad,  pavement, 
245 

Asphaite,  Val  de  Travers,  pave- 
ment, laid  in  Paris,  242  ;  in  the 
City  of  London,  243,  249,  2o2, 
256,  258,  259  ;  cost,  237,  242, 
214,  259;  wear,  250,  252,  256  ; 
average  wear,  257 

Asphaite  joints,  granite  pave- 
ment with,  in  Manchester,  199 ; 
in  the  City  of  London,  247 


Asphaite  pavement,  wear  of,  250, 
252,  254,  256 

Asphaite  pavements,  242 : — Val  de 
Travers  asphaite  laid  in  Paris, 
242 ;  asphaite  pavements  in 
the  City  of  London,  243  ;  cost, 
259  ;  in  Manchester,  259 

Asphalte-granite  pavement,  in 
Manchester,  199,  in  the  City  of 
London,  247 

Asphaltic  wood  pavement,  229, 
235,  236,  237,  238 

BALFOUR,  MR.  D.,  on  the 
cost  of  maintenance  of 
macadam  roads  at  Sunderland, 
161 

Barnett's  liquid  iron  asphaite 
pavement,  245.  (See  Asphaite, 
Barnett's,  &c.) 

Bennett's  foothold  metallic  as- 
phaite pavement,  246 

Birmingham  : — Wear  and  cost  of 
macadamised  roads,  by  Mr.  J. 
P.  Smith,  155 ;  comparative 
cost  of  macadam  and  paved 
roads,  by  Mr.  W.  Taylor,  158  ; 
cleansing  the  streets  of,  273 

Blackfriars  Bridge,  stone  pave- 
ment, 173,  187 

Bode,  Baron  de,  on  wood  pave- 
ment in  Russia,  13 

Bokeberg,  Herr  E.,  on  the  inter- 
spaces in  broken  metal,  145 

Boning  rods,  134 

Boulder  pavement,  11  ;  in  the 
City  of  London,  173  ;  in  Liver- 
pool, 195;  in  Manchester, 
198 
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British,  patent,  asphalte  pave- 
ment, 245 

Browne.  Major  James,  on  moun- 
tain roads,  283 

Burgoyne,  Sir  John,  on  road- 
rolling,  11;  appendix,  301 

CAREY'S  wood  pavement,  17, 
217,  234,  236,  237,  238, 
239 

Cast-iron  paving,  261 

Cellular  iron  pavement,  262 

Chalk  as  a  building  material  for 
roads,  90 

Chaiie-Marsaines  on  performance 
of  Flemish  horses,  299 

Clark,  D.  K.,  on  the  performance 
of  horses,  300 

Cleansing  ot  roads  and  streets, 
268.  (See  Roads  and  Streets, 
Cleansi»g  of) 

Commercial  Road,  stone  tram- 
ways in,  208 

Concrete  as  a  foundation  for 
roads,  by  Mr.  Hughes,  81  ;  and 
by  Mr.  Pen  fold,  81 

Concrete  pavement,  McDonnell's 
adamantean,  247 ;  Mitchell's, 
263 

Concrete  roads,  hy  Mr.  Joseph 
Mitchell,  162 

Cons' ruction  of  roads,  40,  79 ; 
earthwork,  40  ;  working  plan, 
40  ;  slopes,  43,  46  ;  drainige, 
46,  70  ;  embankments,  47  ; 
catch- water  drains  and  cioss 
drains.  48  ;  roads  on  the  side  of 
a  hill,  48  ;  side-cuttings.  49  ; 
spoil-bank,  50 ;  maximum  gra- 
dients, 63,  65  ;  minimum  gra- 
dients, 64  ;  foundaiion  and  su- 
perstructure, 79  ;  three  kinds  of 
foundaiion,  80;  concrete  founda- 
tion, by  Mr.  Hughes,  81  ;  and 
by  Mr.  Penfold,  81  ;  foundation 
of  pavement,  by  Mr.  Telford, 
83 ;  broken  stone  first  recom- 
mended by  Macadam,  86  ;  Mr. 
Hughes  on  broken  stone  cover- 
ing, 88 ;  chalk  as  a  binding 
material,  90  ;  Mr.  Walker  on 
iron  scraps,  as  a  binding  ma- 
terial,     91  ;      foundation     for 


paved  streets,  109  ;  materials 
employed  in  the  construction  of 
roads  and  streets,  123;  modem 
macadamised  roads,  134 

Contour  lines  and  maps,  24 

Cost  of  asphalte  pavements,  259, 
264,  265 

Cost  ot  macadamised  roads,  151, 
156,  158,  161,  162,  163 

Cost  of  stone  pavements  : — First 
cost  and  repair  of  streets  in  the 
City  of  London,  171,  183,  184, 
18S;  Euston  pavement,  176; 
experimental  paving  in  Moor- 
gate  Street,  177  ;  London 
Bridge,  186;  Blackfriars  Bridge, 
187;  Liverpool,  194,  195;  com- 
parative costs,  265 

Cost  of  Yorkshire  paving,  265 

Co-tof  Wood  Pavements,  217,  236 

Crossings,  112 

Cunningham,  Mr.  J.  H.,  on  the 
cost  of  construction  of  macadam 
roads,  near  Edinburgh,  Glas- 
gow, and  Carlisle,  162 

Curbs,  110 

DERBY,  cost  of  macadaniised 
streets  in,  by  Mr.  E.  B. 
Ellice-Clarke,  158,  161 

Debauve,  resistance  to  traction  on 
common  roads,  295 

Dobson,  Mr.,  on  mountain  roads, 
284 

Dockray,  Mr.,  his  opinion  of  the 
Kuston  pavement,  176 

Drainage,  46,  48,  74 

Dumas  on  French  roads,  19  ;  on 
gradients  of  roads,  63  ;  on  mo- 
dern macadamised  roads  in 
France,  165 

Dupuit,  M.,  on  the  gradients  of 
roads,  64  ;  on  the  width  of  sur- 
face of  tyres  in  contact,  144  ; 
exje.iments  on  resistance  to 
traction,  295 

■HARTHWORK,  40 

Eastons  and  Anderson  on  resist- 
ance of  carts  and  waggons,  297 

Edgeworth,  on  the  construction 
of  roads,  9 
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Edinburgh,  Glasgow,  and  Car- 
lisle, cost  of  cotistruction  of 
macadam  roads  near,  by  Mr. 
J.  H.  Cunningham,  162 

Ellice-GIark,  Mr.  E.  B.,  on  the 
cost  of  macadamised  streets  in 
Derby,  158,  161  ;  tstiniate  cost 
for  paving  and  maiutainiug 
streets  in  Derby,  160 

Embankments,  47 

Estimates,  taking  out  quantities 
for,  114 

Exploration  for  roads,  21  ;  laj-ii  g 
out,  21,  36;  contour-lines  and 
maps,  24  ;  working  sections,  37 

FAREY,   MR.   JOHI^,   on  the 
work  of  horses  and  the  wear 

of roadrf,  140 
Fences,    104.       (See  Hedges   and 

Foices) 
Footpaths,  77,  112  ;  stones  used 

for,  128 
Foster,  P.  Le  Neve,  Jun.,  on  tram- 
ways in  Milan,  208 
Foundations  for  pavements,  108, 

109 
Foundation  of  roads,    79.     (See 

Construction  of  lioadu) 
France,  roads  in,  18,  165.     (See 

Roads  in  France) 

GABRIEL'S    wood    pavement, 
233,  235 
Gradients,    maximum,    63,    ^b  ; 

minimum,  64 
Granite,  122;  comparati\e  wear, 

126 
Granite  pavement,  artificial,  Po- 

letti  and  Dimpfl's,  262 
Granite    tramways,    208.       (See 

Stone  Tramways) 
Greywacke,  127 

HARRISON'S  wood  pavement, 
231 
Haywood,  Colonel,  Reports  of,  to 
the  Commissioners  of  Seweis 
of  the  City  of  London,  170; 
earliest  carriage  -  way  pave- 
ments in  the  City  of  London, 
171 ;  pavements  in  1848,  length 
of  carriage-way  in    1851    and 


1866,  three-inch  granite  sets 
made  the  best  pavement,  174  ; 
experimental  paving  in  Moor- 
gafe  Street,  177;  traffic  in  the 
City  of  London  in  1^50,  1857, 
1865,  and  1871,  181  ;  duration 
of  three-inch  set  pavements, 
182;  cost,  184;  on  the  wear 
and  cost  of  paving  for  London 
Bridge,  185;  estimate  of  dui-a- 
bility  and  cost  of  pavements  in 
principal  streets  of  the  City, 
187  ;  typical  sections  of  a  fit'ty- 
leet  street,  188  ;  table,  showing 
the  condition  of  wood  and 
asphalte  carriage -way  pave- 
ments in  the  Ciiy  of  London, 
on  1st  February,  1877,  324 

Hedges  and  fences,  104 ;  stone 
fences,  104  ;  post  and  rail 
fwnce,  105  ;  quickset  hedge, 
105  ;  Professor  Mahan  on 
fences,  106  ;  Sir  John  Macneil 
on  the  evil  of  close  fences,  106  ; 
Mr.  Walker  on  the  same,  106 

Benson's  wood  pavement,  231, 
237 

Hope,  D.  T.,  his  experiments  on 
wear  of  wood  in  pavements, 
132 

Horse  tracks,  1 

Hughes,  Mr.,  on  the  form  of  the 
bed  of  a  roa'l,  73  ;  on  broken- 
stone  covering,  88  ;  concrete 
foundation  by,  81 

IMPROVED    wood    pavement, 
223,  234,  236,  238 
India,  road-making  in,  282  ;  the 

Grand  Trunk  Road,  285 
India,  stones  in,  127 
Iron-scraps  as  a  binding  matt  rial 
for  roads,  9 1 

KELSEY,  MR.,  on  cost  for  re- 
pair   of    early   stone    pave- 
ments in  the  City  of  London,  171 
Kunker,  128 

T  ATERITE,  127 

Lee,  Mr.,  experiments  in  cleans- 
ing the  stieets  of  Sheffield,  279 
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Ligno-mineral  pavement,  228, 
234,  237,  238 

Lillie's  composite  pavement,  247 

Limmer  mastic  asphalte  pave- 
ment, 244.  (See  Asphalte, 
Limmer,  &c.) 

Lisle,  Count  de,  his  wood  pave- 
ment, 16 

Liverpool,  stone  pavements  of, 
193.     (See  Stone  Pavements) 

London,  boulder  pavement,  11 ; 
]Mr.  Telford's  system  of  pave- 
ment, 12;  Macadam's  pave- 
ment, 13;  construction,  wear, 
and  cost  of  metropolitan  roads, 
134,  138,  151  ;  cleansing  and 
watering  the  streets  of,  277,  278 

London,  City  of,  first  Act  for 
paving,  1 1 ;  paved  with  boulders, 
11;  macadamised  streets,  13; 
stone  pavements,  169  ;  wear  of 
granite  pavements,  202  ;  wood 
pavements,  217  ;  asphalte  pave- 
ments, 243.  (See  Stone  Pave- 
ments, Wood  Pavements,  Asphalte 
Pavements) 

London  Bridge,  construction,  and 
wear  of  stone  pavement,  185 

Lovick,  Mr.  T.,  his  experiments 
in  cleansing  streets,  278 

MACADAM  in  Manchester, 
201 

Macadam,  James  L.,  on  the  old 
roads,  7  ;  on  the  principle  of  a 
good  road,  7,  8  ;  on  the  section 
of  roads,  69;  use  of  broken 
stone,  86  ;  on  the  width  of  tyres, 
144;  on  the  annual  wear  of 
metalled  roads,  147 

Macadamised  roads,  leading  prin- 
ciple of,  7 ;  total  length  of,  in 
1868-69, 10  ;  rolling,  10;  adopt- 
ed  in  France,  1 9  ;  not  suited 
for  heavy  traffic,  108  ;  stones 
suited  for,   127;  modern  mac- 

^*  adamised  roads,  134.  (See  Con- 
struction of  Roads) 
Macadamised  roads,  modem,  con- 
struction of,  134;  first-class 
metropolitan  roads,  1 34 ;  second- 
class  metropolitan  roads,  1 35  ; 
country  roads,    136  ;  construc- 


tion proposed  by  a  Committee 
of  the  Society  of  Arts,  137  ; 
wear,  138 ;  disadvantage  of 
elasticity,  138;  relative  wear 
due  to  the  action  of  horse- 
shoes and  of  wheels,  140,  144  ; 
rounded  tyres  injurious,  141  ; 
width  of  surface  in  contact  with 
tyres,  144 ;  interspaces  ia  broken 
stone,  145  ;  analysis  of  crust 
of  macadamised  road,  by  Mr. 
Mitchell,  146 ;  annual  wear, 
147  ;  rules  for  wear,  148 ; 
maintenance  of  roads  in  the 
metropolis,  151 ;  suburban  high- 
w^ays,  153 ;  local  roads,  155 ; 
Birmingham,  155;  Derby,  158; 
Sunderland,  161 ;  districts  near 
Edinburgh,  Glasgow,  and  Car- 
lisle, 162;  macadamised  roads 
in  France,  165;  in  Manchester, 
201.     (See  Wear  and  Cost) 

Macneil,  Sir  John,  experiments 
by,  on  resistance  to  traction,  52, 
298 ;  on  inclination  of  roads,  63 ; 
on  close  fences,  106 ;  on  elas- 
ticity of  the  road,  138;  on  the 
weight  of  vehicles  and  width 
of  tyres,  142 ;  experiments  on 
resistance  of  granite  tram- 
ways, 208 

Maestu  compound  asphalte,  246 

Mahan,  Professor,  on  side  slopes, 
43 ;  on  the  angle  of  repose,  61 ; 
on  maximum  gradients,  63  ;  on 
the  form  of  cross  section^  72  ; 
on  the  height  of  fences,  106 

Manchester,  asphalte  pavements 
in,  259 

Manchester,  cleansing  the  streets 
of,  270,  276 

Marshy  soils,  brushwood  sub- 
structure in,  77 

Materials  employed  in  the  con- 
struction of  roads  and  streets, 
122: — stones,  122;  granite,  122  ; 
its  crushing  resistance,  124;  ab- 
sorbent power  of  stones,  125  ; 
trap  rocks,  125 ;  comparative 
wear  of  stones,  126 ;  Mr.  Walker 
on  wear  of  granites,  126;  grey- 
wacke,  127;  stones  suited  for 
macadam,  127;  stones  in  India, 
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127 ;  stones  for  footpaths,  128 ; 
for  curbs,  130  ;  asphalte,  130  ; 
artificial  asphalte,  131  ;  wood, 

131  ;    its   crushing  resistance, 

132  ;  Mr.  D.  T,  Hope's  experi- 
ments on  wear,  132 

McDonnell's     adamantean     con- 
crete pavement,  247 
Metalled  roads.  {See  Macadamised 


Metallic  paving,  261,  262 

Metropolitan  compound  metallic 
paving,  261 

Metropolitan  "Wood  Pavement 
Company,  their  pavement,  16 

Milan,  stone  tramways  in,  208 

Mitchell,  Mr.  Joseph,  on  the  in- 
terspaces in  broken  stone,  1 45  ; 
analysis  of  the  cost  of  a  mac- 
adam road,  146;  concrete  r(  ad, 
162;  concrete  pavement,  263 

Montrotier  compressed  asphalte 
pavement,  246.  (See  Asphalte, 
Montrotier,  &c.) 

Morin's  experiments  on  resistance 
to  traction,  51,  294 

Mountain  roads,  283 

Mowlem's  wood  pavement,  232, 
235,  236,  237 

Mud,  removal  of,  96 ;  composition 
of,  268,  275 

NEWLANDS,     MR.,     on    the 
streets  of  Liverpool,  193 
Noiton's  wood  pavement,  232,  235 

pACK  HORSES,  1 

PHget,  F.  A.,  his  data,  149,  151, 
309 

Pari8,  cleansing  the  streets  of, 
281 

Pavements,  carriage-way,  com- 
parison of: — cost,  264;  slipperi- 
ness,  259,  265  ;  convenience, 
267;  cleanliness,  281 

Pavement,  boulder.  (See  Boulder 
Pavement) 

Pavement,  cast-iron,  261 

Pavement,  cellular  iron,  262 

Pavement,  compound  wood  and 
dUrne,  262 

Pavement,  granite,  estimate  cost 


of,  in  Birmingham,  158  ;  in 
Derby,  160,  161 

Pavement,  granite,  artificial,  262 

Pavement,  metallic,  261,  262 

Pavement,  stone.  (See  Stone 
Favement) 

Pavement,  wood.  (See  Wood 
Faiement) 

Paved  roads  and  streets,  108  ; 
foundations,  108;  mode  of  pre- 
paring surface  for  pavement, 
109 ;  constiuction  of  foundation, 
109;  stone  sets,  109;  curb,  110; 
pavement  for  inclined  streets, 
112;  side  walls  and  crossing 
places,  112 

Penfold,  Mr.,  on  repairs  of  roads, 
95  ;  concrete  foundati'  n  by,  81 

Pinchbeck,  Mr.  George,  on  cost 
of  maintaining  suburban  high- 
ways, 153 

Poletti  and  Dimpfl's  artificial 
granite  pavement,  262 

Polonceau  on  road  rolling,  20 

Provis,  Mr.,  on  elasticity  of  roads, 
138 


Q 


UANTITIES    for    estimates, 
taking  out,  114 


EEADING,  cleansing  the  streets 
of,  277 

Redman,  Mr.,  on  the  wear  of 
macadam  in  Commercial  Road, 
148 

Repairing  and  improving  roads, 
93  ;  improvement  of  the  sur- 
face, 93  ;  lifting  the  road,  94  ; 
Mr.  Penfold  on  repairs,  95  re- 
moval of  mud,  96 ;  tools  or 
implements  formerly  employed, 
83;  scraping  machines,  103; 
Whit  worth' s  sweeping  machine, 
103 

Resistance  to  traction  on  common 
roads,  51,  290  ;  M,  Morin's  ex- 
peiiments,  51 ;  Sir  John  Mac- 
ntil's  experiments.  52;  rules  for 
resistance,  65 ;  influence  of  in- 
clines, oQ  ;  angle  of  repose,  61  ; 
Sir  John  Macneil  on  giadienis. 
Pro  lessor  Mahan  on  gradients, 
M.  Dumas  on   gradients,   63 ; 


INDEX. 


343 


M.  Dupuit  on  gradients,  64 ; 
minimum  longitudinal  slope,64:. 
Rolling  resistance,  290 ;  conclu- 
sions and  data  of  M.  Dupuit, 
295;  M.  Debauve,  295;  M. 
Tresca,  296;  Messrs.  Eastons 
and  Anderson,  297 ;  Sir  John 
Macneil,  298;  formula,  299; 
M.  Charie  -  Marsaines'  data, 
299 ;  Mr.  D.  K.  Clark's  data, 
300 

Resistance  of  granite  tramways, 
208 

Road,  modern  country,  136 

Road-rolling,  10 ;  in  France,  20, 
167 

Roads  and  streets,  cleansing  of, 
268  ;  composition  of  mud  and 
detritus,  268,  275 ;  cleansing 
streets  of  Manchester,  270,  "276  ; 
Whit  worth's  machine,  271  ; 
cleansing  streets  of  Salford, 
273  ;  of  Birmingham,  273 ;  of 
Reading,  277 ;  watering  the 
streets  of  London,  277  ;  Mr.  T. 
Lovick's  experiments,  278  ;  Mr. 
Lee's  experiments  at  Sheffield, 
279 ;  cleansing  in  Paris,  281  ; 
M.  Tailfer's  machine,  281 

Roads,  construction  of,  40,  79. 
(See  Construction  of  Roads) 

Roads,  exploration  for,  21.  (See 
Exploration  for  Hoads) 

Roads  in  France : — old  roads,  18  ; 
Tresaguet's  roads,  19 ;  Mac- 
adam's system  adopted,  19 ; 
horse-roller  adopted,  20  ;  mo- 
dern macadamised  roads  in 
France,  165;  M.  Dumas  on 
their  construction,  166  ;  rolling 
and  watering,  167 

Roads,  metalled  or  macadamised. 
(See  Macadamised  Roads) 

Roads,  mountain,  283 

Roads,  old  country,  3 ;  Mr.  Mac- 
adam's opinion  of,  7 

Roads,  paved,  108.  (See  Paved 
Roads  and  Streets) 

Roads,  repairing  and  improving, 
93.  (See  Repairing  and  Im- 
proving Roads) 

itoads,  section  of,  65.  (See  Sec- 
tion of  Roads) 


CI  ALFORD,  cleansing  the  streets 

O     of,  273 

Sandstone,  strength  and  absorbent 
power  of,  125  ;  latcrite  in  India, 
127  ;  for  footpaths,  128  ;  com- 
position, weight  and  strength, 
129 ;  comparative  durability, 
129 

Scraping  machines  for  macadam 
roads,  89 

Section  of  roads,  65 ;  limits  of 
gradients,  66  ;  width  and  trans- 
verse section  of  roads,  68  ;  Mr. 
Macadam  on  the  section  of 
roads,  69  ;  Mr.  Walker  on  the 
section  of  roads,  70 ;  and  on 
drainage,  70  ;  best  form  of  sec- 
tion, 71 ;  section  of  the  bed, 
7'i  ;  Mr.  Hughes  on  the  form 
of  the  bed,  73  ;  drainage  of  the 
road,  74  ;  footpaths,  77  ;  brush- 
wood substructure  in  marshy 
soils.  77,  91  ;  imperfect  sec- 
tions, 94 

Sections,  working,  for  roads,  37 

Seyssel  asphalte,  133,  131 

Sheffield,  cleansing  the  streets  at, 
279 

Side-cuttings,  49 

Side  walks,  112 

Slopes,  43,  46 

Smith,  Mr.  J.  P.,  on  macadamised 
roads  in  Birmingham,  155 

Societe  Fran(;aise  des  Asphaltes, 
246,  249,  254 

Society  of  Arts,  Report  of  Com- 
mittee of,  on  Traction  on  Roads, 
208 

Spoil-bank,  50 

Stead's  wood  pavement,  15 

Stone  pavement,  169 ;  City  of 
London,  169 ;  early  paving, 
169  ;  pavement  of  King  Wil- 
liam Street,  170;  table  of  early 
pavements,  171  ;  table  of  cost 
for  Kpa'rs  of  early  pavement, 
172;  inLroduction  of  three-inch 
sets ;  extent  of  pavement  in 
the  City,  173,  174  ;  the  Euston 
pavement,  175;  experimental 
paving  in  Moorgate  Street,  177; 
granites  that  have  been  tried, 
179  ;  rotation  of  pa^'ing  stones 
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180;  traflSc  in  the  City,  181; 
duration  of  pavements,  183, 187 ; 
cost,  184,  187  ;  London  Bridge, 
186  ;  Blackfriars  Bridge,  187  ; 
typical  sections  and  plans  of  a 
fifty-feet  street,  188 ;  South- 
wark  Street,  191.  Liverpool, 
193;  extent  of  pavement  in 
1851,  193  ;  cost  for  construction 
of  set  pavements,  194  ;  of  boul- 
der pavements,  19o ;  and  of 
macadam,  196 ;  cost  of  main- 
tenance of  pavements,  197. 
Manchester,  198  ;  boulder  pave- 
ment, 198  ;  construction  of  set 
pavement,  with  asphalte  joint- 
ing, 199;  cost  of  pavements, 
200  ;  wear  of  granite  pavements 
in  the  City  of  London,  '202 

Stone  tramways,  208  : — Commer- 
cial Road,  by  Mr.  Walker,  208 ; 
rt-sistance  on,  208 ;  in  Northern 
Italy,  described  by  Mr.  P.  Le 
Neve  Foster,  Jun.,  208 ;  prices 
in  Milan,  212  ;  wheel-tracks  of 
asphalte,  214 

Stones  used  in  the  construction  of 
roads,  122.  (See  Materials  em- 
ployed) 

Stone's  slipless  asphalte  pave- 
ment, 246 

Stone's  wood  pavement,  233 

Streets,  typical : — fifty-feet  street 
for  the  City  of  London,  188  ; 
Southwark  Street,  191 

Sunderland,  cost  of  maintenance 
of  macadam  roads  at,  by  Mr. 
D.  Balfour,  161 

Sweeping  machines,  "Whitworth's, 
103,  271 ;  Tailfer's,  281 

TATLFER'S  sweeping  machine, 
281 

Taylor,  Mr.  W.,  on  the  Euston 
imvemenfc,  175;  comparative 
cost  of  macadam  and  paved 
roads  in  Birmingham,  158 

Telford,  his  early  experience,  9 ; 
his  system  of  road-making,  10, 
83  ;  his  system  of  pavement  for 
London,  12;  on  the  wear  of 
roads,  141 

Toola  or    implements    formerly 


employed  in  the  repair  of  roads, 

83 
Traction,   resistance  to,  51,  290. 

(See  Resistance  to  Traction) 
Tramway,  stone,  208.    (See  Stone 

Truimvays) 
Trap  rocks,  1 25 
Tresaguet's  roads  in  France,  18, 

19 
Tresca,  M.,  on  the  resistance  of 

an  omnibus,  296 
Trinidad  asphalte  pavement,  245 

VAL  DE  TRAVERS  asphalte, 
130,  131 
Val   de    Travers  asphalte  pave- 
ment, 242.     (See  Asphalte,  Val 
de  Travers,  Pavement) 
Vehicles   on   common    roads     in 
1809,  7 

WALKER,  MR.,  on  the  sec- 
tion of  roads,  70;  on  drain- 
age, 70 ;  on  iron  scraps  as  a 
binding  material,  91  ;  enclose 
fences,  107 ;  on  the  wear  of 
granites,  126;  introduction  of 
three-inch  sets  by,  173 ;  stone 
tramways  in  Commercial  Road, 
208 

"Watering  streets.  (See  Roads  and 
Streets,  C/eaiising  of) 

Wear  of  macadamised  roads,  138, 
140,  144,  147,  148,  155,  156, 
158 

Wear  of  pavements : — stone,  202  ; 
wood,  238 ;  asphalte,  250,  252, 
254,  256  ;  holes  and  short  holes 
in  asphalte,  250,  253 

Wear  of  stones,  comparative,  1 26 

Whitworth's  sweeping  machine, 
103,  271 

Wilson's  wood  pavement,  233 

Wood,  131  ;  its  crushing  resist- 
ance, 132 

Wood  and  stone  pavements,  com- 
pound, 202 

Wood  pavements  in  the  City  of 
London,  234 

Wood  pavement  in  Russia,  13 ;  in 
the  United  States,  14  ;  Stead's 
pavement,  15  ;  De  Lisle' s  pave- 
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raent,  16 ;  general  conditions 
of  wood  pavement,  215;  Carey's 
wood  pavement,  17,  217,  2H, 
236,  237,  238,  239;  improved 
wood  pavement,  223,  234,  237, 
238 ;  Ligno-mincral  pavement, 
228,  234,  237,  238;  asphaltic 
wood  pavement,  2?Z,  23o, 
236,  237,  238;  Harrison's  wood 
pavement,  231;  Henson's  wood 
pavement,  231,  237  ;   Norton's 


wood  pavement,  232,  235 ; 
Mowlem's  wood  pavement, 
232,  235,  236,  237;  Stone's 
wood  pavement,  233  ;  Gabriel's 
wood  pavement,  .33,  235 ; 
Wilson's  wood  pavement,  233 

YORKSHIRE  paving,  191,  265 

Young,  Arthur,  on  the  old  roads, 
8 


THE    END. 
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LONDON,  1862. 
THE  PRIZE   MEDAL 

Was  awarded  to  the  Publishers  of 

"WEALE'S  SERIES." 


A    NEW    LIST    OF 

WEALE'S    SERIES 

RUDIMENTARY  SGIENTIFICjEDUCATIONAL, 
AMD  CLASSICAL. 

Cotnprising  nearly  Three  Hrmdf-ed  ant^  Fifty  distt'vct  7Vorks  in  almost  every 
department  of  Science,  A  rt,  and  Education,  recommended  to  the  notice  of  Ensrineers, 
Architects,  Builders,  Artisans,  and  Students  geney-ally,  as  well  as  to  those'Tn  te  rested 
in  Workmen' s  Libraries,  Literary  and  Sctenttfic  Institutions,  ColleSTf^s,  Schools, 
Science  Classes,  ^c,  &^c.- 


tS="  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  in  scientific  research,  are  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence  is 
assured." — American  Literary  Gazette. 

"  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  nflpide  by  Messrs.  Crosby 
LocKWOOD  &  Son  render  the  series  more  complete,  and  bring  the  informa- 
tion upon  the  several  subjects  down  to  the  present  time." — Mining  Journal. 

"  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
treatises  comprised  in  Weale's  Series." — Engineer. 

" The  excellence  of  Weale's  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value." — Builder. 

"The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of 
elementary  technical  books  in  any  language." — Architect. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion, 


PHILADELPHIA,  1876. 
THE    PRIZE    MEDAL 

Was  awarded  to  the  Publishers  for 

Books :  Rudimentary,  Sckntific, 

"WEALE'S  SERIES,"  ETC. 


CROSBY    LOCKWOOD    8l    SON, 

7,  STATIONERS'    HALL    COURT,    LUDGATE    HILL,    LONDON,    E.G. 


WE  ALE  S   RUDIMENTARY   SERIES. 


WEALE'S  RUDIMENTARY   SCIENTIFIC   SERIES. 


%*  The  volumes  of  this  Series  are  freely  Illustrated  with 
"Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  m^st  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated ;  but  the  volumes  marked 
-with  a  %  may  also  be  had  strongly  bound  in  cloth  boards  for  6d. 
extra. 

N.B. — In  ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

No. 

31.  WELLS  AND  WELL-SINKING.    By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  CE.  Revised  Edition.  With  a  New 
Appendix  on  the  Qualities  of  Water.     Illustrated.    2s. 

35.  THE    BLASTING    AND    QUARRYING    OF  STONE,    for 

Building  and  other  Purposes.     By  Gen.  Sir  J.  Burgoyne,  Bart.     is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,^z.x- 

ticularly  describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G. 
Drysdale  Dempsey,  C.E.     Fourth    Edition.     2S. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks"  on  Footings,  Sand,  Concrete,  Beton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.    By  E.  Dobson.     Seventh  Edition,     is.  6d. 

60.  LAND  AND  ENGINEERING  SURVEYING,   By  T.  Baker, 

C.E.     Fifteenth     Edition,  revised  by  Professor  J.  R.  Young.     2S.J 

8o».  EMBANKING  LANDS  FROM  THE  SEA.     With  examples 
and  Particulars  of  actual  Embankments,  8cc.    By  J.  Wiggins,  F.G.S.    2s. 
81.   WATER   WORKS,  for  the  Supply  of  Cities  and  Towns.     With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water,  &c.    By  S.  Hughes,  C.E.    New  Edition.    454 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 
of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.    By  Francis  Campin,  C.E.    2s,  6d.$ 

197.  ROADS  AND  STREETS.  By  H.  Law,  C.E.,  revised  and 
enlarged  by  D.  K.  Clark,  C.E.,  including  pavements  of  Stone,  Wood, 
Asphalts,  &c.    4s.  6d.t 

203.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.     By  C.Slagg,  A.M.T.C.E.    Revised  Edition.    3s.t 

212.  GAS-WORKS,  THEIR  CONSTRUCTION  AND  ARRANGE- 

MENT', and  the  Manufacture  and  Distribution  of  Coal  Gas.  Originally 
written  by  Samuel  Hughes,  C.E.  Re-written  and  enlarged  by  William 
Richards,  C.E.     Eighth  Edition,  with  important  additions.    5s.  6d.J 

213.  PIONEER  ENGINEERING.     A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries.    By  Edward  Dobson,  Afsoc.  Inst.  C.E.    4s.  6d.% 

216.  MATERIALS  AND  CONSTRUCTION ;  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction.  By  Francis  Campin,  C.E.    Second  Edition,  revised.    3s.t 

ti9.  CIVIL  ENGINEERING.  By  Henry  Law,  M.Inst.  C.E. 
Including  Hydraulic  Engineering  by  Geo.  R.  Burnell,  M.Inst.  C.E. 
Seventh  Edition,  revised,  with  large  additions  by  D.  Kinnear  Clark, 
M.Inst.  C.E.    6s.  6d.,  Cloth  boards,  7s.  6d. 

268.  THE  DRAINAGE  OF  LANDS,  TOWNS,  dr*  BUILDINGS. 
By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent  Practice 
in  Drainage  Engineering, by  D.  Kinnear  Clark,  M.I.C.E.   Second  Edition, 

Corrected.     4s.  6d.j: 

B^=   7V/e  X  indicates  that  th*se  vols,  may  be  had  strongly  bound  at  dd.  extra.' 
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WEALE  S   RUDIMENTARY   SERIES. 


MECHANICAL   ENGINEERING,   ETC, 

33.  CRANES,  the  Construction  of,  and  other  ISIachinery  for  Raising 

Heavy  Bodies.    By  Joseph  Glynn,  F.R.S.    Illustrated,    is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.   Illustrated,    is.  6d. 
59.  STEAM  BOILERS :   their  Construction  and  Management.     By 

R.  Armstrong,  C.E.    Illustrated,    is.  6d. 
82.  THE  POWER   OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines,  &c.    By  Joseph   Glynn,  F.R.S.    2s. J 

98.  PRACTICAL  MECHANISM,  the  Elements  of;    and  Machine 

Tools.     By  T.  Baker,  C.E.    With  Additions  by  J.  Nasmyth,  C.E.    2s.  6d.t 

139.   THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 

of,  with  Rules  and  Examples  for  Practical  Men.    ByT.  Bakep.,  C.E.    is.  6d, 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Steam  En- 

gines, Bridges,  Ship-building,  &c.   ByJ.  G.  WiNTON.  New  Edition.    3s.  6d.t 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.    By  J.  Armour.    2s.  6d.t 

166.  POWER  IN  MOTION :  Horse-Power,  Toothed- Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  ByJ.  Armour,  as.J 
171.  THE      WORKMAN'S     MANUAL      OF     ENGINEERING 

DRAWING.   ByJ.MAXTON.    7th  Edn.    With  7  Plates  and  350  Cuts.  3s.  6d.* 
190.   STEAM    AND    THE     STEAM   ENGINE,  Stationary    and 

Portable.    By  J.  Sewell  and  D.  K.  Clark,  C.E.    3s.  6d.t 
200.  FUEL,   its   Combustion  and  Economy.      By  C.  W.  Williams. 

With  Recent  Practice  in  the  Combustion  andEconomy  of  Fuel — Coal,  Coke, 

Wood,  Peat,  Petroleum,  &c.— by  D.  K.  Clark,  M.I. C.E.    3s.  6d.t 
202.  LOCOMOTIVE  ENGINES.    By  G.  D.  Dempsey,  C.E. ;  with 

large  additions  by  D.  Kinnear  Clark,  M.T.C.E.    3s.t 
211.  THE  BOILERMAKER'S   ASSISTANT  in    Drawing,  Tera- 

?lating,   and  Calculating  Boiler  and  Tank  Work.     By  John   Courtney, 
'ractical  Boiler  Maker.   Edited  by  D.  K.  Clark,  C.E.    100  Illustrations.  2S. 
217.  SEWING  MACHINERY :  Its  Construction,  History,  &c.,  with 
full  Technical  Directions  for  Adjusting,  &c.   By  J.  W.  Urquhart,  C.E.  2S.% 
223.  MECHANICAL    ENGINEERING.      Comprising   Metallurgy. 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  of 
the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.   Second  Edition.  2s.  6d.t 

236.  DETAILS    OF  MACHINERY.      Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron.    By  Francis  Campin,'C.E.    3S.I: 

237.  THE  SMITHY  AND  FORGE;  including  the  Fanier's  Art  and 

Coach  Smithing.    By  W.  J.  E.  Crank.    Illustrated.     2s.  6d.J 

238.  THE  SHEET-METAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.    With  94  Diagrams  and 
Working  Patterns.    By  W.  J.  E.  Crane.     Second  Edition,  revised,     is.  6d. 

251.  STEAM  AND  MACHINERY  MANAGEMENT:  with  Hints 
on  Construction  and  Selection.    By  M.  Powis  Bale,  M.I. ME.    2s.  6d.J 

254.  THE    BOILERMAKER'S    READY-RECKONER.      By   J. 

Courtney.     Edited  by  D.  K.  Clark,  C.E.    4s. 
%*  Nos.  21T  and2S\  in  One  Vol.,  half -bound,  entitled''^  TheBoilkrmAker'sReady- 
Reckoner  and  Assistant."    By  J.  Courtney  and  D.  K.  Clark.    7s. 

255.  LOCOMOTIVE  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.   By  Michael  Reynolds,  M.S.E. 
Eighth  Edition.    3s.  6d.,  limp  ;  4s.  6d.  cloth  boards. 

256.  STATIONARY  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Stationary  Engines.    By  Michael  Reynolds,  M.S.E. 
Fourth  Edition.     3s.  6d.  limp  ;  4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 
tion and  Erection.     By  Hamilton  W.  Pendred,  C.E.    2s. 

B@~  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
7,    stationers'    hall   COURT,    LUDGATE   HILL,    E.G. 
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MINING,    METALLURGY,    ETC. 

4.  MINERALOGY^  Rudiments  of;  a  concise  View  of  the  General 
Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  &c.  Third 
Edition,  revised  and  enlarged.     Illustrated,    3s.  6d.t 

ri7.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
retic  Needle.    By  T.  Fenwick  and  T.  Baker,  C.E.     Illustrated.    2s.  6d.  t 

135.  ELECTRO-METALLURGY ;  Practically  Treated.  By  Alex- 
ANDER  Watt.  Ninth  Edition,  enlarged  and  revised,  with  additional  Illus- 
trations, and  including  the  most  recent  Processes.    3s.  6d.t 

172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  By  William  Morgans.  2s.  6d. 
172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  235  Illustrations,  drawn  to  Scale.  4to.  4s.  6d. 
176.  METALLURGY  OF  IRON.  Containing  Histoiy  of  Iron  Manu- 
facture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged,    ss.t 

180.  COAL  AND  COAL  MINING.  By  the  late  Sir  Warington  W. 
Smyth,  M.A.,  F.R.S.  Seventh  Edition,  revised.  3s.  6d.J 

195.  7 HE  MINERAL  SURVEYOR  AND  VALUER* S  COM- 
PLETE  GUIDE.  By  W.  Lintern,  M.E.  Third  Edition,  including  Mag- 
netic and  Angular  Surveying.     With  Four  Plates.     3s.  6(i.t 

214.  SLATE  AND  SLATE  ^C^4/?i?F/A^6^,  Scientific,  Practical,  and 
Coraraercial,     By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.    3S.J 

264.  A  FIRST  BOOK  OF  MINING  AND  QUARRYING,  with  the 
Sciences  connected  therewith,  lor  Primary  Schools  and  Self  Instruction.  By 
J.  H.  Collins,  F.G.S.    Second  Edition,  with  additions,    is.  6d. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHITECTURE— ORDERS— ThQ  Orders  and  their  Esthetic 

Principles.    By  W,  H.  Leeds.     Illustrated,    is.  6d. 

17.  ARCHITECTURE— STYLES— T\\Q  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  th« 
Present  Period.     By  T.  Talbot  Bury,  F.R.I.B.A.,  &c.    Illustrated.    2S. 
%*  Orders  and  Styles  of  Architecture,  in  One  Vol.,  3*.  6d. 

18.  ARCHITECTURE— DESIGN— The   Principles    of  Design   in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  ByE.L.  Garbett,  Architect;  Illustrated.  2s.6d. 
•»*  The  three  preceding   Works,   in   One    handsome    Vol.,  half   bound,    entitled 
"  MoDHRN  Architecture,"  price  6s, 

22.  THE  ART  OF  BUILDING,  Rudiments  ot.  General  Principles 
of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.     By  E.  Dobson,  2s.t 

25.  MASONRY  AND  STONECUTTING :  Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Coa- 
stnirtion.    By  Edward  Dobson,  M.R.I.B.A.,  &c.    2s.  6d.t 

42.  COTTAGE  BUILDING.      By  C.    Bruce    Allen,   Architect, 

Eleventh  Edition,  re%nsed  and  enlarged.  With  a  Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  E.  Allen,  C.E.     2s. 
45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTERING,  &c.    By  G.  R.  Burnell,  C.E.  Fourteenth  Edition,    is.  6d. 
57.   WARMING  AND    VENTILATION.      An   Exposition  of  the 
General  Principles  as  applied  to  Domestic   and   Public  Buildings,  Mines, 
Lighthouses,  Ships,  &c.     By  C.  Tomlinson,  F.R.S,,  &c.    Illustrated.    3s. 
III.  ARCHES,  PIERS,  BUTTRESSES,  &'c.:  Experimental  Essays 
on  the  Principles  of  Construction.     l>y  W.  Bland.     Illustrated,     is.  6d. 

^t^   2Vie  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  td.  extra. 
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Architecture,  Building,  etc.,  continued. 

ii6.  THE   ACOUSTICS    OF    PUBLIC    BUILDINGS;    or,   The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.    By  T.  Roger  Smith,  M.R.I. B.A.,  Architect.    Illustrated,    is.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE      OF     MARCUS 

VITRUVIUS   POLLO.     In  Ten  Books.     Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates.    5s. 
rjo.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdeen,    is. 
•*•  The  two  preceding  Works  t'n  One  handsome  Vol.,  half  bound,  entitled  "Ancient 
Architecture,"  price  6s. 
[32.  THE  ERECTION  OF  DWELLING-HOUSES.    Illustrated  by 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Semi- 
detached  Villas,  with  the  Specification,  Quantities,  and  Estimates,  &c.    By 
S.  H.  Brooks,    New  Edition,  with  Plates.    2s.  6d.t 
156.  QUANTITIES  &*  MEASUREMENTS  in  Bricklayers',  Masons', 
Plasterers',  Plumbers',  Painters',  Paperhangers',  Gilders',  Smiths',  Carpenters' 
and  Joiners'  Work.     By  A.  C.  Beaton,  Surveyor.     Ninth  Edition.      is.  6d, 

175.  LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1893,     A 

Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  l^uilders, 
Architects,  Engineers,  and  Contractors,  Re-constructed,  Re-written,  and 
further  Enlarged.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  700  pages. 
,s.  6d. ;  cloth  boards,  4s.  \Just  Published. 

182.  CARPENTRY  AND  JOINERY— "^we.  Elementary    Prin- 

CIPLES  OF  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  a  TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn,  M.A.  Fifth  Edition,  Revised.  3s.  6d.J 
182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards, 
Glass,  &c. ;  Unequal-sided,  S<]uare-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  &c.  By  Richard  Horton.  Fifth 
Edition.     4s.  ;  strongly  bound  in  leather,  5s. 

187.  HINTS   TO    YOUNG  ARCHITECTS.     By  G.  Wightwick. 

New  PMition.     By  G,  H.  Guillaume.     Illustrated.     3s.  6d.t 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING :  with  a  Course  of  Elementary  Drawing  for  Ho  use- Painters,  Sign- 
AVriters,  &c.,  and  a  Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Sixth  Edition.    With  Coloured  Plates.     5s.  clotb  limp  ;  6s.  cloth  boards. 

189.  THE    RUDIMENTS    OF    PRACTICAL    BRICKLAYING. 

In  Six  Sections:  General  Principles;  Arch  Drawing,  Cutting,  and  Setting: 
Pointing ;  Paving,  Tiling,  Materials ;  Slating  and  Plastering ;  Practical 
Geometry,  Mensuration,  &c.    By  Adam  Hammond.    Seventh  Edition,    is.  6d. 

191.  PLUMBING.     A  Text-Book  to  the  Practice  of  the  Art  or  Craft  ot 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Sixth 
Edition.    With  380  Illustrations.    By  W.  P.  Buchan.    3s.  6d.t 

192.  THE   TIMBER    IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD  GUIDE.     By  R.  E.  Grandv.    2s. 

206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid 
&c.   By  Sir  Edmund  Beckett,  Bart.,  LL.D.,jQ.C.,  F.R.A.S.    4s.  6d.t 

226.   THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 

Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
WvvillJ.  Christy,  Architect.  With  upwards  of  160  Engravings  on  Wood.  3s.  J 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  ANDIRON. 
By  E.  Wyndham  Tarn,  M.A.,  Architect,  Second  Edition,  revised,    is.  6d. 

8^"  The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued, 

229.  ELEMENTARY  DECORATION :   as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.      By  J.  W.  Facey.     2S. 

257.  PRACTICAL  HOUSE  DECORATION.    A  Guide  to  the  Art 

of  Ornamental  Painting.     By  James  W.  Facey.    as.  6d. 
%•  The  iwo  preceding  Works,  in  One  handsome  Vol.,  half-bound,  enh'tled"'H.OX!Sii 
Decoration.  Elementary  and  Practical,"  price  $s. 

230.  A  PRACTICAL  TREATISE  ON HANDRAILING.   Showing 

New  and  Simple  Methods.      By  G.   Collings.     Second  Edition,  Revised, 
including  A  Treatise  on  Stairbuilding.    Plates.     2s.  6d, 

247.  BUILDING  ESTA  TES :  a  Rudimentary  Treatise  on  the  Develop- 

ment, Sale,   Purchase,  and  General  Management  of  Building  Land.     By 
Fowler  Maitland,  Surveyor.    Second  Edition,  revised.    2s. 

248.  PORTLAND   CEMENT  FOR    USERS.    By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.    Third  Edition,  corrected.     Illustrated.    2s. 

252.  BRICKWORK :    a  Practical  Treatise,    embodying  the  General 

and  Higher  Principles  of  Bricklaying,   Cutting  and  Setting,  &c.      By  F. 

Walker,     Third  Edition,  Revised  and  Enlarged,     is.  6d. 
23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
189.      Brick  and  Tile  Making,  by  E.  Dobson,  A.I.C.E.;  Practical  Bricklay- 
265.      ING,  by  A.  Hammond  ;    Brickcutting  and  Setting,  by  A.  Hammond.    534 

pp.  with  270  Illustrations.    6s.     Strongly  half-bound. 

253.  THE    TIMBER   MERCHANT'S,    SAW-MILLER'S,    AND 

IMPORTER'S  FREIGHT-BOOK  AND  ASSISTANT.    By  Wm.  Rich- 
ardson.   With  Additions  by  M.  Powis  Bale,  A.M.Inst. C.E.    3s.t 

258.  CIRCULAR    WORK  IN    CARPENTRY  AND   JOINERY. 

A  Practical  Treatise  on  Circular  AVork  of  Single  and  Double  Curvature. 
By  George  Collings.    Second  Edition,  2s.  6d. 

259.  GAS    FITTING:     A   Practical    Handbook    treating    of   every 

Description  of  Gas  Laying  and  Fitting.     By  John  Black.     2S.  6d.t 

261.  SHORING  AND  ITS  APPLICATION :  A  Handbook  for  the 

Use  of  Students.    By  George  H.  Blagrovr.     is.  6d. 
265.  THE  ART  OF  PRACTICAL  BRICK  CUTTINGS  SETTING. 

By  Adam  Hammond.    With  qo  Engravings,    is.  6d. 
267.   THE  SCIENCE  OF  BUILDING :  An  Elementary  Treatise  on 

the  Principles  of  Construction.    By  E.  Wyndham  Tarn,  M.A.  Lond.    Third 

Edition,  Revised  and  Enlarged.     3s.  6d.t 

271,  VENTILATION :  a  Text-book   to   the  Practice   of  the  Art  of 

Ventilating  Buildings.   By  W.  P.  Buchan,  R.P.,  Sanitary  Engineer,  Author 
of  "Plumbine,"  &c.    3s.  6d.t 

272.  ROOF  CARPENTRY ;   Practical  Lessons  in   the    Framing  of 

Wood  Roofs.    For  the  Use  of  Working  Carpenters.     By   Geo.  Collings, 
Author  of  "  Handrailing  and  Stairbuilding,"  &c.     2s.  \.Jnst  published. 

2JZ-   THE  PRACTICAL  PLASTERER  :  A  Compendium  of  Plain 
.and  Ornamental  Plaster.  AVork.   By  Wilfred  Kemp.   2s.     [Just  published. 


SHIPBUILDING,    NAVIGATION,   ETC. 

51.  NA  VAL  ARCHITECTURE.     An  Exposition  of  the  Elementary 
Principles.     By  J.  Peake.     Fifth  Edition,  with  Plates.    3s.  6d.t 

53*.  SHIPS  FOR  OCEAN  6-  RIVER  SER  VICE,  Elementary  and 

Practical  Principles  of  the  Construction  of.    By  H.  A.  Sommerfkldt.    is.  6d. 

S3»«.  AN  ATLAS  OF  ENGRA  VINGS  to  Illustrate  the  above.  Twelve 

large  folding  plates.     Royal  4to,  cloth.     7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes, 
&c.,  relative  to  every  class  of  vessels.     By  Robert  Kipping,  N.A.    2s. 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  bd.  extra. 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details. 

By  JoHH  Grantham.  C.E.    Fifth  Edition.    4s. 

55.  THE   SAILOR'S'  SEA   BOOK:    a    Rudimentary  Treatise    on 

Navigation.    By  James  Greenwood,  B.A.    With  numerous  Woodcuts  and 

Coloured  Plates.     New  and  enlarged  edition.     By  W.  H.  Rosser.     2s.  6d.t 

80.  MARINE  ENGINES  AND  STEAM  VESSELS.    By  Robert 

Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  George  Carlisle,  C.E.     4s.  6d.  limp  ;  5s.  cloth  boards. 
Zlbis.  THE  FORMS  OF  SHIPS  AND   BOATS.      By  W.  Bland. 

Eighth  Edition,  Revised,  with  numerous  Illustrations  and  Models,   is.  6d. 

99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  irxThtoxy 

and  Practice.    By  Prof.  J.  R.  Young.    New  Edition.    2s.  6d. 
106.  SHIPS'  ANCHORS,  a  Treatise  on.   By  G.  Cotsell,  N.A.    is.  6d, 
149.  SAILS  AND  SAIL-MAKING.  With  Draugliting,  and  the  Centre 
of  Effort  of  the  Sails ;  Weights  and  Sizes  of  Ropes  :    Masting,  Rigging, 
and  Sails  of  Steam  Vessels,  &c.   12th  Edition.  By  R.  Kipping,  N.A-,   2s.  6d.t 
155.  ENGINEER'S  GUIDE  TO  THE  ROYAL  ^^  MERCANTILE 
NAVIES.    By  a  Practical  Engineer.    Revised  by  D.  F.  M'Carthy.    3s. 
55    PRACTICAL    NAVIGATION.      Consisting    of   The    Sailor's 
&      Sea-Book.     By  James  Greenwood  and  W.  H.  Rosser.     Together  with 
«_,.      the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of   the 
^"^*    Problems.     By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.    7s.    Half-bound. 

AGRICULTURE,  GARDENING,  ETC. 
61*.^  COMPLETE  READY  RECKONER  FOR  THE  ADMEA- 

SUREMENT  OF   LAND,  &c.      By  A.  Arman.     Third  Edition,  revised 
and  extended  by  C.  Norris,  Surveyor,  Valuer,  &c.  2s. 

131.  MILLER'S,  CORN  MERCHANT'S,  AND  FARMER'S 
READY  RECKONER.  Second  Edition,  with  a  Price  List  of  Modern 
Flour-Mill  Machinery,  by  W.  S.  Hutton,  C.E.     2S. 

140.  SOILS,  MANURES,   AND   CROPS.    (Vol.    i.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s. 

141.  FARMING  &*  FAR  AUNG  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  2.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  3s. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (Vol.    3. 

Outlines  of  Modern  Farming.)    By  R.  Scott  Burn.  Woodcuts.    2s.  6d. 

145.  DAIRY,   PIGS,   AND  POULTRY,   Management  of  the.     By 

R.  Scott  Burn.    (Vol.  4.  Outlines  of  Modern  Farming.)    2s. 

146.  UTILIZATION     OF     SEWAGE,      IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  5.  Outlines  of  Modern 
Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s.  6d. 
%*  Nos.  140-1-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "  Outlines  of 
Modern  Farming."    By  Robert  Scott  Burn.    Price  i2j. 
177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Breuil.  Revised  by  Geo.  Glenny.  187  Woodcuts.  3s.  6d.} 
198.  SHEEP;  THE  HISTORY,  STRUCTURE,  ECONOMY,  AND 
DISEASES  OF,      By  W.  C.    Spooner,   M.R.V.C,  &c.     Fifth    Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.    3s.  6d.+ 

201.  KITCHEN  GARDENING  MADE  EASY.    By  George  M.  F. 

Glenny.    Illustrated,    is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 

zation  of  Farm  Labour.    By  R.  Scott  Burn.     2s.  6d.t 

208.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 
By  R.  Scott  Burn.    as.  6d. 

%•  Nos.  207  <5^  208  in  One  Vol.,  handsomely  half -bound,  entitled  "  Outlines  of 
Landed  Estates  and  Farm  Management."     By  R.  Scott  Burn.    Price  6s. 

[^^  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  td.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 

209.  THE   TREE   PLANTER  AND   PLANT  PROPAGATOR, 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shrubs,  Flowering  Plants,  &c.      By  Samuel  Wood.    2s. 

210.  THE  TREE  PRUNER.    A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation  ;  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.     By  Samuel  Wood.    is.  6d. 
•»•  Nos.  209  &->  210  in  One  Vol.,  handsomely  half-bound,  entitled  "The  Trhb 
Planter,  Propagator,  and  Pruner."    By  Samuel  Wood.    Price  is.  6d. 
2i8.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c. 
By  John  Steele.    Fifth  Edition.   2S. 
222.  SUBURBAN  FARMING.     The  Laying-out  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.    By  Prof.  John  Donaldson  and  R.  Scott  Burn.    3s.  6d.t 

231.  THE  ART  OF  GRAFTING  AND  BUDDING,    By  Charles 

Baltet.     With  Illustrations.    2s.  6d.t 

232.  COTTAGE  GARDENING;  or,  FJowers,  Fruits,  and  Vegetables 

for  Small  Gardens.     By  E.  Hobday,    is.  6d. 

233.  GARDEN  RECEIPTS.    Edited  by  Charles  W.  Quin.    is.  6d. 

234.  MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Shaw, 

'late  Editor  of  "  Gardening  Illustrated."    3s.  J 
339.  DRAINING  AND  EMBANKING.     A  Practical  Treatise,  em- 
bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  JOHN  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,     is.  6d. 

240.  IRRIGA  TION  AND  WA  TER  SUP  PL  Y,    A  Treatise  on  Water 

Meadows,  Sewage  Irrigation,  and  Warping ;  the  Construction!  of  Wells, 
Ponds,  and  Reservoirs,  &c.     By  Prof.  John  Scott.    With34lllus.  is.  6d. 

241.  FARM  ROADS,    FENCES,    AND    GATES.      A    Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.     By  Professor  John  Scott.    With  75  Illustrations,    is.  6d. 

242.  FARM  BUILDINGS.     A  Practical  Treatise   on  the  Buildings 

necessary  for  various  kinds  0I  ii'arsis,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.    With  105  Illus.    2s. 

243.  BARN  IMPLEMENTS   AND    MACHINES.      A    Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture ;  and 
on  various  Machines  used  in  the  Threshing-barn,  in  the  Stock-yard,  and  in  the 
Dairy,  &c.   By  Prof.  J.  Scott.  With  123  Illustrations.  2s. 

244.  FIELD   IMPLEMENTS  AND   MACHINES.      A    Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction, their  Points  of  Excellence,  and  Management.  By  Professor  John 
Scott.    With  138  Illustrations.    2s. 

245.  AGRICULTURAL   SURVEYING.      A  Practical  Treatise  on 

Land  Surveying,  Levelling,  and  Setting-out ;  and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock,  &c. 
By  Prof.  John  Scott.     With  62  Illustrations,     is.  6d. 
•*•  JVos.  239  to  245  in  One  Vol.,  handsomely  half-bound,  entitled  "Thh  Complete 
Text-Book  of  Farm  Engineering."    By  Professor  John  Scott.    Price  izs. 

250.  MEAT  PRODUCTION.    A  Manual  for  Producers,  Distributors, 

&c.    By  John  Ewart.    2s.  6d.* 
266.  BOOK-KEEPING  FOR  FARMERS &>  ESTATE  OWNERS, 

By  J.  M.  Woodman,  Chartered  Accountant.     2s.  6d.  cloth  limp;  3s.  6d. 

cloth  boards. 

g^  The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra, 
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MATHEMATICS,    ARITHMETIC,    ETC. 

32.  MATHEMATICAL    INSTRUMENTS,    a  Treatise  on;   Their 

Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J.  F. 
Hhather,  M.A.  Fourteenth  Edition,  revised,  with  additions,  by  A.  T. 
AValmislev,  M.I.C.E.,  Fellow  of  the  Surveyors'  Institution.  Original  Edi- 
tion, in  I  vol..  Illustrated.  2s.t 
•<»*  In  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  {No.  32),  to  distin- 
guish it  from  the  Enlarged  Edition  in  3  vols.  {Nos.  168-9-70.) 

•Jb.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  oi 
G.  MoNGE.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection.  By  J.  F.  Heather,  M.A.  With  14  Plates.  2s. 
178.  PRACTICAL  PLANE  GEOMETRY :  giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.   By  J.  F.  Heather,  M.A.  With  215  Woodcuts.   2S. 

83.  COMMERCIAL  BOOK-KEEPING.   With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.     By  James  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,     is.  6d. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.     By 
Professor  J.  R.  Young.    Eleventh  Edition,     is.  6d. 
84*.  A  Key  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with   Comments,   Explanations,   and  Improved  Processes,  for  the   Use  of 
Teachers  and  Unassisted  Learners.     By  J.  R.  Young,     is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipslky.    2s. 

86.  ALGEBRA,    the   Elements    of.      By  James    Haddon,    M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra.     2S. 
86*.  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.     By  J.  R.  Young,     is.  6d. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Propositions 

89.  and  Explanatory  Notes  :  to  which   is  prefixed,   an  Introductory  Essay  on 
Logic.    By  Henry  Law,  C.E.    2s.  6d4 

***  Sold  also  separately,  viz.  : — 

88.  Euclid,  The  First  Three  Books.     By  Henry  Law,  C.E.    is.  6d. 

89.  Euclid,  Books  4,  5,  6,  11,  12.     By  Henry  Law,  C.E.     is.  6d. 

90.  ANALYTICAL     GEOMETRY  AND     CONIC    SECTIONS, 

By  James  Hann.    A  New  Edition,  by  Professor  J.  R.  Young.     2s.t 

91.  PLANE    TRIGONOMETRY,   the    Elements    of.     By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,     is.  6d. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann.    Revised  by  Charles  H.  Dowling,  C.E.     is. 
•»•  Or  with  "  The  Elements  of  Plane  Trigonometry,"  in  One  Volume,  zs.  6d. 

93.  MENSURATION  AND  MEASURING.   With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modem  Engineering.     By  T. 

Baker,  C.E.    New  Edition  by  E.  Nugent,  C.E.     Illustrated,     is.  6d. 
loi.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

Woolhouse,  F.R.A.S.,  &c.     is.  6d. 
102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 

HoMERSHAM  Cox,  B.A.    Illustrated,     is. 

136.  ARITHMETIC,  Rudimentary,  fcr  the  Use  of  Schools  and  Self- 

Instruction.    By  James  Haddon,  M.A.    Revised  by  A.  Arman.    is.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  6d. 

^^^  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 
i68.  DRAWING  AND  MEASURING  INSTRUMENTS.  Includ- 
ing—I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.     By  J.  F.  Heather,  M.A.    Illustrated,    is.  6d, 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especiaUy)  Tele- 

scopes.  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.     By  J.  F.  Heather,  M.A.     Illustrated,     is.  6d. 

170.  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  Employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated,     is.  6d. 
«     The  above  three  volumes  form  an  enlargement  of  the  Author's  original  work 
"Mathematical  Instruments"     {See  No.  32  in  the  Series.) 

x(&.>.  MATHEMATICAL  INSTRUMENTS.    By' J.  F.  Heather, 

169.  y  M.A.  Enlarged  Edition,  for  the  most  part  entirely're-written.  The  3  Parts  as 
170.^   above,  in  One  thick  Volume.   "With  numerous  Illustrations.  4s.  6d.t 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charles  Hoarb,  C.E.  Sixth 
Edition.    With  a  Slide  Rule  in  tuck  of  cover.    2s.  6d.t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUI- 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.     By  FfioOR  Thoman.  Fourth  Edition.  \s.X 

199.  THE  COMPENDIOUS  CALCULATOR ;  or,  Easy  and  Concise 

Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions  ;  together  with  Usetul  Tables.  By 
D.  O'Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
2s.  6d.,  cloth  limp ;  3s.  6d.,  strongly  half-bound  in  leather. 
204.  MATHEMATICAL  7:^^Zii\!>',  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Henry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 
i04*.  LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 
Astronomical, andNautical  Calculations.  ByHsNRY  LAw,M.Inst.C.E.  New 
and  Revised  Edition.  (Formingpart  of  the  above  Work).  3s. 

221.  MEASURES,    WEIGHTS,  AND  MONEYS  OF  ALL  NA- 

TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 
dars.   By  W.  S.  B.  Woolhouse,  F.R.A.S.,  F.S.S.    Seventh  Edition,  2s.  66.% 

227.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.     By  Francis  Campin,  C.E.    Second  Edition.    33.* 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

\.  CHEMISTRY.    By  Professor  George  Fownes,  F.R.S.     With 

an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,     is. 

2.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  of.     By 

C.  ToMLiNSON.     Woodcuts.     IS.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.      By  CHARLES   ToM- 

UNSON.    Illustrated,    is.  6d. 

7.  ELECTRICITY ;   showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.    By  Sir  W.  Snow 
Harris,  F.R.S. ,  &c.      With  Additions  by  R.  Sabine,  C.E.,  F.S.A.     is.  6d. 

7*.  GALVANISM.    By  Sir  W.  Snow  Harris.     New  Edition  by 

Robert  Sabine,  C.E.,  F.S.A.     is.  6d. 

8.  MAGNETISM ;  being  a  concise  Exposition  of  the  General  Prin- 

ciples of  Magnetical  Science.     By    Sir  W.  Snow  Harris.    New  Edition, 
revised  by  H.  M.  NoAD,  Ph.D.    With  165  Woodcuts.     3s.  6d.l: 

j^^   The  t  indicafes  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH ;  its  History  and  Progress; 

withDescriptionsof  some  of  the  Apparatus.   ByR.  Sabine,  C.E.,  F.S.A.    3s. 

12.  PNEUMATICS,  including  Acoustics  and  the  Plienomena  of  Wind 

Currents,    for  the   Use  of  Beginners.      By  Charles  Tomlinson,    F.R.S. 
Fourth  Edition,  enlarged.    Illustrated,    is.  6d. 
72.  MANUAL  OF  THE  MOLLUSC  A  ;  a  Treatise  on  Recent  and 
Fossil   Shells.     By. Dr.  S.  P.  Woodward,  A.L.S.    Fourth  Edition.    With 
Plates  and  300  Woodcuts.     7s.  6d.,  cloth. 

96.  ASTRONOMY.    By  the  late  Rev.  ROBERT  Main,  M.A.     Third 

Edition,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.    2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.     By  T.  Baker,  C.E.    Fourth  Edition,    is.  6d. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "Rudiments  of  Geology."  By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts,  as. 

174.  HISTORICAL     GEOLOGY,    partly    based    on    Major-General 

Portlock's  "Rudiments."  By  Ralph  Tate,  A.L.S. ,  &c.  Woodcuts.  2s.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

&  Historical.    Partly  based  on  Major-General  Portlock's  "  Rudiments  of 

174.  Geology."    By  Ralph  Tate,  A.L.S.,  F.G.S.,  &c.    In  One  Volume.  4s.  6d.* 

183  ANIMAL  PHYSICS,  Handbook  of.     By  Dr.  Lardner,  D.C.L., 

&  formerly  Professor   of  Natural   Philosophy  and  Astronomy  in   University 

_g .  College,  Lond.   With  520  Illustrations.    In  One  Vol.    7s.  6d.,  cloth  boards. 

T"'  %*  Sold  also  in  Two  Parts,  as  follows  : — 

183.  Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  I.— VII.    4s, 

184.  Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VIII.— XVIII.  3s. 
269.  LIGHT :  an  Introduction  to  the  Science  of  Optic-,  for  the  Use  of 

Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.     By  E. 
Wyndham  Tarn,  M.A.    is.  6d.  {Just  published. 


FINE  ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.      Adapted    to    Young 

Students  and  Amateurs  in  Architecture,  Painting,  &c.   By  George  Pyne.  2s. 

40    GLASS  STAINING,  AND   THE  ART  OF  PAINTING  ON 

GLASS.    From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  From- 

BERG.    With  an  Appendix  on  The  Art  of  Enamelling.    2s.  6d. 

69.  MUSIC,    A    Rudimentary    and    Practical    Treatise    on.      With 

numerous  Examples.    By  Charles  Child  Spencer.    2s.  6d. 
71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises &  Lessons  from  the  Best  Masters.    By  Charles  Child  Spencer.    is.6d. 
69-71.  MUSIC  6-  THE  PIANOFORTE.    In  one  vol.    Half  bound,  5s. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullick,  assisted  by 
John  Times,  F.S.A.  Sixth  Edition,  revised  and  enlarged,    ss.t 

186.  A  GRAMMAR  OF  COLOURING,  apphed  tc  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.    With  two  new  Coloured  Diagrams,  &c.     3s. J 

246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 
PICTURE  AMATEURS  ;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  of  Painting,  &c.  With  Notes  on  the  Copyists 
and  Imitators  of  each  Master.    By  Philippe  Daryl.    2s.  6d.J 

K^°*  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  td.  extra. 
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INDUSTRIAL   AND    USEFUL   ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 
ture of.     By  E.  DoBSON,  M.R.I.B.A.    Illustrated,  354 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.  By  Sir  Edmund  Beckett,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged.    4s.  6d.  limp;  5s.  6d.  cloth  boards. 

83**.  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Charlbs  Tomlinson,  F.R.S.   2S.  6d. 

162.  THE  BRASS  FOUNDER'S  MANUAL;  Instructions  for 
Modelling,  Pattern-Making,  Moulding,  Turning,  Filing,  Burnishing, 
Bronzing,  &c.   AVith  copious  Receipts.  &c.    By  Walter  Graham.    2s.t 

205.  THE  Art  of  letter  painting  made  easy.      By 

T.G.  Badenoch.  Illustrated  with  12  full-page  Engravings  of  Examples,  is.  6d 
215.  THE  GOLDSMTIH'S  HANDBOOK,  containing   full  Instruc 
tions  for  the  Alloying  and  Working  of  Gold.     By  George  E.  Gee,     3s. t 

225.  THE    SILVERSMITH'S    HANDBOOK,    containing   fuU  In- 

structions  for  the  Alloying  and  Working  of  Silver.    By  George  E.  Gee.   %%.% 
%•  The  tzvo  precedhtg  Works,  in  One  handsome  Vot.,  half-bound,  entitled  "  The 

Goldsmith's  &  Silversmith's  Complete  Handbook,''  75. 
249.  THE  HALL-MARKING  OF  JE  WELLER  YPRA  CTICALL  Y 

CONSIDERED.    By  George  E.  Gee.    3s.t 
224.  COACH   BUILDING,    A    Practical    Treatise,    Historical    and 

Descriptive.    By  J.  W.  Burqbss.    2s.  6d.t 
235.  PRACTICAL   ORGAN  BUILDING.      By  W.   E.   DiCKSON, 

M.A.,  Precentor  of  Ely  Cathedral.    Illustrated.    2S.  6d.J 

262.  THE    ART    OF  BOOT  AND    SHOEMAKING.    By  John 

Bedford  Leno.    Numerous  Illustrations.    Third  Edition.     2s. 

263.  MECHANICAL    DENTISTRY :   A  Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formulae, 
Tables,  Receipts,  &c.     By  Charles  Hunter.     Third  Edition.    3S.I: 
270.   WOOD  ENGRAVING :  A  Practical  f  nd  Easy  Introduction  to 
the  Study  of  the  Art.     By  W.  N.  Brown,    is.  6d. 


MISCELLANEOUS    VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 

BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY,the  FINE  ARTS,  &'c.  ByJoHNWEALE.  Sixth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.  Illustrated,  ss.  limp  ;  6s.  cloth  boards. 
50.  LABOUR  CONTRACTS.  A  Popular  Handbook  on  the  Law  of 
Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition, 
Revised,  with  Appendix  of  Statutes  by  T.  F.  Utilky,  Solicitor,  3s.  6d.  cloth. 

112.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.   Gooding, 
B.A.,  M.D.    A  Family  Guide  in  all  Case«  of  Accident  and  Emergency     2S. 
112*.  MANAGEMENT  OF  HEALTH.     A  Manual  ot  Home  and 
Personal  Hygiene.    By  the  Rev.  James  Baird,  B.A.    is. 
150.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.      is.  6d. 

153.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmens.    2S. 

154.  GENERAL  HINTS  TO  EMIGRANTS.    2s. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.    By  R.  Mann.    2s. 

193.  HANDBOOK    OF    FIELD    FORTIFICATION,      By  Major 

W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts.    3s.t 

194.  THE  HOUSE    MANAGER :  Being  a  Guide  to  Housekeeping. 

Practical    Cookery,   Pickling    and    Preserving,    Household  Work,   Dairy 

Management,  &c.    By  An  Old  Housekeeper.    3s.  6d.t 

I94i  HOUSE  BOOK  [The).  Comprising  :— I.  The  PIouse  Manager. 

112  &    By  an  Old  Housekeeper.    II.  Domestic  Medicine.    By  R.  Gooding,  M.D. 

112*.   ■^^^-  Management  of  Health.    By  J.  Baird.    In  One  Vol.,  half-bound,  6s. 

f^T  The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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HISTORY. 


I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Orig-in  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty's  Public  Record 
Office.     4th  Edition,  revised.     53. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.     By  "W.  Douglas  Hamilton, 
of   University  College,   London,   and  Edward   Levibn,  M.A.,  of  Balliol 
College,  Oxtord.    2s.  6d. ;  cloth  boards,  3s.  6d. 
7.  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Levien,  of  Balliol  College,  Oxford.  Map,  2s.  6d. ;  cl.  bds.  3s. 6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and   Events  in   English   History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.     is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the   English   Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydb 
Clarke,  D.C.L.     lifth  Edition,     is.  6d. 

12.  Dictionary  of   the   English    Language,   as   Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hyde  Clarke,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  vpith  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition    and    Punctuation,   familiarly   Explained   for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brenan. 
i8th  Edition,     is.  6d. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages  ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTiiAM,  F.R.A.S.     Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translatedfrom  the  French.  8th  Edition,  carefully  corrected.  2s.  6d. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brief  Treatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  W.  Pink  and  Gkorge  E.  Webster.    2s. 

THE    SCHOOL    MANAGERS'    SERIES    OF   READING 
BOOKS, 

Edtted  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely; 

formerly  H.M.  Inspector  of  Schools. 

Introductory  Primer,  ^d. 


r.  d. 
First  Standard  .  .06 
Second       „  .        .    o  10 

Third  .        .10 


*.     d. 

Fourth  Standard       .       •       .    z      2 

Fifth  "         „        .        .        .       .    z      6 

Sixth'  „        .        .        .        .16 

Lessons  from  the  Bible.    Part  I.    Old  Testament,    is. 

Lessons  from  the  Bible.     Part  II.     New  Testament,  to  which  is  added 

The  Geography  of  the  Bible,  for  very  young  Children.     By  Rev.  C. 

Thornton  Forster.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume.  2s, 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.     is  6d 

25.  French-English  Dictionary.     Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  &c.    By  Alfred  Elwes.    is.  6d 

26.  English- French  Dictionary.    By  Alfred  Elwes.    2s. 
25,26.  French  Dictionary  (as  above).     Complete,  in  One  Vol.,  3s.; 

cloth  boards,  3s.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  4s.  6d 

47.  French    and    English   Phrase    Book:    containing " Intro- 

ductory  Lessons,  with  Translations,  several  Vocabularies  of  Words  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6d.    ' 

GERMAN. 

39.  German  Grammar.      Adapted    for    English   Students,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,    is.  6d. 

40.  German  Reader :   A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.    is. 

41-43.  German  Triglot  Dictionary.     By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.  Part  I.  German-French-English.  Part  II.  English-Ger- 
man-French.    Part  III.  French-German-English.      3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

&  39.      Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwes.     is.  6d. 

28.  Italian  Triglot   Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfred  Elwes. 
Vol.1.  Italian-English-French.     2s.  6d. 

30.  Italian    Triglot     Dictionary.      By  A.  Elwes.      Vol.   2. 

English-French-Italian.     2S.  6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    Vol.  3. 

French-Italian-English.    2s.  6d. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol,,  7s.  6d. 

32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.     With 

a  Course  of  Exercises.    By  Alfred  Elwes.    is.  6d. 

35.  Spanish-English    and    English-Spanish     Dictionary, 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred  Elwes 
4s.  ;  cloth  boards,  5s.    %*   Or  with  the  Grammar,  cloth  boards,  6s. 

55.  Portuguese    Grammar,   in    a  Simple  and  Practical    Form. 

With  a  Course  of  Exercises.     By  Alfred  Elwes.    is.  6d. 

56.  Portuguese-English    and    English-Portuguese    Dic- 

tionary. Including  a  large  number  of  Technical  Terms  used  in  Mining, 
Engineering,  &c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun. 
By  Alfred  Elwes.  Second  Edition,  Revised,  5s. ;  cloth  boards,  6s,  *»*  Or 
with  the  Grammar,  cloth  boards,  7s. 

HEBREW. 

46*.  Hebrew  Grammar.    By  Dr.  Bresslau.     is.  6d. 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Bresslau.  6s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 
^4,46.  Hebre^w  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.      the  Grammar,  cloth  boards,  12s. 
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LATIN. 

19.  Latin  Grammar.     Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,     is.  6d. 

20.  Latin-English  Dictionary.  By  the  Rev.  Thomas  Goodwin, 

M.A.       2S. 

22.  English-Latin    Dictionary ;    together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.      By  the 
Rev.  Thomas  Goodwin,  M.A.    is.  6d. 
20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. 

cloth  boards,  4s.  6d.    %•  Or  with  the  Grammar,  cloth  boardsj  5s.  6d. 
LATIN   CLASSICS.     With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.     Containing  Extracts  from  Classical  Authors, 

with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young,  is.  6d . 

2.  Caesaris  Commentarii  deBello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  Young.     2S. 

3.  Cornelius  N epos.    With  Notes,    By  H.  Young,     is. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.   With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgics  by  H.  Young,     is.  6d. 

5.  Virgilii  Maronis  .^neis.     With  Notes,  Critical  and  Explanatory, 

by  H.  Young.  New  Edition,  revised  and  improved  With  copious  Addi- 
tional Notes  by  Rev.  T.  H.  L.  Leary,  D.C.L.,  formerly  Scholar  of  Brasenose 
College,  Oxford.    3s. 

5* Part  I.    Books  i. — vi.,  is.  6d. 

5**  Part  2.     Books  vii.— xii.,  zs. 

6.  Horace;    Odes,   Epode,   and  Carmen  Sseculare.     Notes  by  H. 

Young,    is.  6d. 

7.  Horace;  Satires,  Epistles, and  Ars Poetica.  Notes  by  W.  Bro wn- 

RiGG  Smith,  M.A.,  F.R.G.S.    is.  6d. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jugurthinum.   Notes,  Critical 

and  Explanatory,  by  W.  M.  Donne,  B.A.,  Trin.  Coll.,  Cam.    is.  6d. 

9.  Terentii  Andria  et  Heautontimorumenos.    With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    is.  6d. 

10.  Terentii  Adelphi,  Hecyra,  Phormio.   Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  James  Davies,  M.A.    2s. 

11.  Terentii  Eunuchus,  Comcedia.    Notes,  by  Rev.  J.  Davies,  M.A. 

IS.  6d. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 

Introduction,  Analysis,  and  Notes,  Explanatory  and  Critical,  by  the  Rev. 
James  Davies,  M.A.    is.  6d. 

13.  Ciceronis    Orationes    in    Catilintm,   Verrem,    et    pro     Archia. 

With  Introduction,  Analysis,  and  Note«,  Explanatory  and  Critical,  by  Rev. 
T.  H.  L.  Learv,  D.C.L.  formerly  Scholar  of  Brasenose  College,  Oxford. 
IS.  6d. 

14.  Ciceronis  Cato  Major,  Lselius,  Brutus,  sive  de  Senectute,  de  Ami- 

citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    2s. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  i.    Books  i.,  ii.,  is.  6d. 
16*. Part  2.    Books  iii.,  iv.,  v.,  is.  fid. 

17.  Part  3.    Books  xxi.,  xxii.,  is.  6d. 

19.  Latin  Verse  Selections,  from  Catullus,  TibuUus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donne,  M.A.,  Trinity  College,  Cambridge.    2s. 

20.  Latin  Prose    Selections,  from  Varro,   Columella,   Vitruvius, 

Seneca,  Quintilian,  Florus,  Velleius  Paterculus,  Valerius  Mazimus  Sueto- 
nius, Apuleius,  &c.    Notes  by  W.  B.  Donne,  M.A.    2s. 

21.  Juvenalis  Satirse.    With  Prolegomena  and  Notes  by  T.  H,  S, 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London.    2s. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
logical Researches  of  the  most  eminent  Scholars  of  our  own  day  By  Hans 
Claude  Hamilton,    is.  6d. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  with 
their  Significations,  Inflections,  and  Doubtful  Quantities.  By  Henry  R. 
Hamilton.  Vol.  i.  Greek-English,  2s.  6d. ;  Vol.  2.  English -Greek,  2S.  Or 
the  Two  Vols,  in  One,  4s.  6d. :  cloth  boards,  55. 

14,15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

17.  One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 
I.  Greek  Delectus.     Containing  Extracts  from  Classical  Authors, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulary,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,    is.  6d. 

2,3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geographical  Register,  by  H.  Young.    Part  1.  Books  i.  to  iii., 
IS.    Part  2.  Books  iv.  to  vii.,  is. 

4.  Lucian's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Young,    is.  6d. 
5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Baeumlein. 
With   Notes,   Critical  and  Explanatory,    drawn  from  the  best  and  latest 
Authorities,  with   Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
Leary,  M.A.,  D.C.L. 
The  Iliad.         Parti.  Books  i.  to  vi.,  is.6d.        Part  3.  Books  xiii.  to  xviii.,  is.  6d, 
Part  2.   Books  vii.  to  xii.,  is.  6d.       Part  4.   Books  xix.  to  xxiv.,  is.  6d. 
The  Odvssby:   Part  i.   Books  i.  to  vi.,  is.  6d         Part  3.   Books  xiii.  to  xviii.,  is.  6d. 
Part  2.   Books  vii.  to  xii.,  IS.  6d.       Part  4.   Books  xix.   to  xxiv.,   and 
Hymns,  2s. 

13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phsedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  James  Davies,  M.A.  2s. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary,  M.A.,  D.C.L. 

Part  I.     Books  i.,  ii.  (The  Clio  and  Euterpe),  2s. 

Part  2.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  2S. 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnia),  2S. 

Part  4.     Books  viii.,  ix.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

18.  Sophocles:  GEdipus  Tyrannus.    Notes  by  H.  Young,     is. 

20.  Sophocles :  Antigone.  From  the  Text  of  Dindorf.  Notes, 
Critical  and  Explanatory,  by  the  Rev.  John  Milner,  B.A,    2s. 

23.  Euripides  :  Hecuba  and  Medea.  Chiefly  from  the  Text  of  Din- 
dorp.  With  Notes,  Critical  and  Explanatory,  by  W.  Brownrigg  Smith, 
M.A.,  F.R.G.S.    IS.  6d. 

26.  Euripides:  Alcestis.    Chiefly  from  the  Text  of  Dindorf.  With 

Notes,  Critical  and  Explanatory,  by  John  Milner,  B.A.     is.  6d. 

30.  .<Eschylus  :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Rev.  James  Davies,  M.A.    is. 

32.  .^schylus :  Septem  Contra  Thebes  :  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Da^^es,  M.A.    is. 

40.  Aristophanes :   Acharnians.     Chiefly  from  the  Text  of  C.  H. 

Wbise.    With  Notes,  by  C.  S.  T.  Townshend,  M.A.     is.  6d. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  1.    is.  6d.  j  t  i_ 

42.  Xenophon's  Panegyric  on  Agesilaus.  Notes  and  Intro- 
duction by  Ll.  F.  W.  Jewitt.    IS.  6d.  . 

43.  Demosthenes.  The  Oration  on  the  Crown  and  the  Philippics. 
With  English  Notes.  By  Rev.  T.  H.  L.  Leaky,  D.C.L.,  formerly  Scholar  o« 
Brasenose  College,  Oxford,    is.  6d. 
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X).  K.  Clark's  Focket-Book  for  Mechanical  Engineers, 

THE  MECHANICAL  ENGINEER'S  POCKET-BOOK  OF 
TABLES,  FORMULA,  RULES  AND  DATA.  A  Handy  Book  of  Referenca 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.Inst.C.E., 
Author  of  "Railway  Machinery,"  "Tramways,"  &c.  Second  Edition,  Re- 
vised and  Enlarged.  Small  8vo,  700  pages,  gs.  bound  in  flexible  leather  covers, 
with  rounded  corners  and  gilt  edges.  [_Just  published. 

Summary  of  Contents. 
Mathematical  Tables.— Measurement  of  Surfaces  and  Solids.— 
English  Weights  and  Measures. — French  Metric  Weights  and  Mea- 
sures.—Foreign  Weights  and  Measures.— Moneys.— Specific  Gravity. 
Weight  and  Volume. — Manufactured  Metals.— Steel  Pipes.— Bolts  and 
Nuts. — Sundry  Articles  in  Wrought  and  Cast  Iron,  Copper,  Brass,  Lead, 
Tin,  Zinc— Strength  of  Materials.— Strength  of  Timber.— Strength  of 
Cast  Iron.— Strength  of  Wrought  Iron.— Strength  of  Steel. — Tensile 
Strength  of  Copper,  Lead,  etc— Resistance  of  Stones  and  other  Build- 
ing Materials. —Riveted  Joints  IN  Boiler  Plates.— Boiler  Shells- — Wire 
Ropes  and  Hemp  Ropes. — Chains  and  Chain  Cables. — Framing. — Hardness 
OF  Metals,  Alloys  and  Stones.— Labour  of  Animals.— Mechanical  Prin- 
ciples.—Gravity  AND  Fall  of  Bodies.— Accelerating  and  Retarding 
Forces.— Mill  Gearing,  Shafting,  etc. — Transmission  of  Motive  Power. — 
Heat. — Combustion  :  Fuels. — Warming,  Ventilation,  Cooking  Stoves. — 
Steam,— Steam  Engines  and  Boilers.— Railways  —Tramways.— Steam 
Ships.— Pumping  Steam  Engines  and  Pumps.— Coal  Gas,  Gas  Engines,  etc.— 
Air  in  Motion.— Compressed  Air.— Hot  Air  Engines. — Water  Power.— 
Speed  of  Cutting  Tools.— Colours.— Electrical  Engineering. 

V  Opinions  op  thb  Press. 

"  Mr.  Clark  manifests  what  is  an  innate  perception  ot  what  is  likely  to  be  useful  in  a  pocket- 
book,  and  he  is  really  unrivalled  in  the  art  of  condensation.  .  .  .  Its  very  difficult  to  hit  upon 
any  mechanical  engineering  subject  concerning  which  this  work  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  we  can  heartily  recom- 
mend it  to  our  readers,  who  must  not  run  away  with  the  idea  that  :Mr.  Clark's  Pocket-book  is 
only  Molesworth  in  another  form.  On  the  contrary,  each  contains  what  is  not  to  be  found  in  the 
other  ;  and  Mr.  Clark  takes  more  room  and  deals  at  more  length  with  many  subjects  than  Moles- 
worth  possibly  could." — T/te  Eng^ijteer,  Sept  i6th,  1892. 

"  Just  the  kind  of  work  that  practical  men  require  to  have  near  to  Wx^m." '-English  Mechanic 
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MR.  MUTTON'S  PRACTICAL  HANDBOOKS. 


Handbook  for  Works'  Managers, 

THE  WORKS'  MANAGER'S  HANDBOOK  OF  MODERN 
RULES,  TABLES,  AND  DATA.  For  Engineers,  Millwrights,  and  Boiler 
Makers;  Tool  Makers,  Machinists,  and  Metal  Workers;  Iron  and  Brass 
Founders,  &c.  By  W.  S,  Hutton,  Civil  and  Mechanical  Engineer,  Author 
of  "The  Practical  Engineer's  Handbook."  Fourth  Edition,  carefully  Re- 
vised and  partly  Re-written.  In  One  handsome  Volume,  medium  8vo, 
price  iss.  strongly  bound. 

IS"  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 

variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a  practical  work,  suited  to 
the  VAivY  REQUIREMENTS  OF  MODERN  ENGINEERS,  would  be  favourably  received. 

In  the  Fourth  Edition  the  First  Section  has  been  re-written  and  improved  by  the 
addition  of  numerous  Illustrations  and  new  matter  relating  to  Steam  Engines  and 
Gas  Engines.  The  Second  Section  has  been  enlarged  and  Illustrated,  and  through- 
out the  book  a  great  number  of  emendations  and  alterations  have  been  made,  with  the 
object  of  rendering  the  book  more  generally  useful. 

\*  Opinions  of  the  Press. 

"Theauthortreatsevery  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  Kterary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experi- 
ence, and  is  seldom  written  in  books." — Enj^ineer. 

"The  volume  is  an  exceedinjjly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  bookshelf." — Mechanical  World. 

"A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index 
....  Such  a  volume  will  be  found  absolutely  necessary  as  a  book  of  reference  in  all  sorts 
of  '  works '  connected  with  the  metal  trades." — Ryland's  Iron  Trades  Circtilar. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Hutton's  books  have  met  a  press- 
Ing  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  mas 
possessing  a  co^y."— Practical  Ensineer, 

New  Manual  for  Practical  Engineers, 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
a  Treatise  on  Modern  Engines  and  Boilers :  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a  large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Hutton,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's 
Handbook  for  Engineers,"  &c.  With  upwards  of  370  Illustrations.  Fourth 
Edition.  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  i8s. 
Strongly  bound. 

IS"  This  work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Hand-book."  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publica- 
tion, but  collected  by  the  author  for  his  own  use  in  the  construction  of  a  great  variety 
0/ Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  370  Woodcuts ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  al!  engaged  in  designing,  constructing,  or  estimating  for  EiicmES,Boizi£RS, 
and  other  Engineering  Work. 

*»*  Opinions  of  the  Press. 

"  We  have  kept  it  at  hand  for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a  single  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
Athoiceum. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  learning 
something  that  will  be  of  service  to  him."— Marine  Engineer. 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendiuni." — Engineer. 

"  A  mass  of  information,  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen  and  is  greatly  elucidated 
by  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 
one  of  the  most  useful  books  of  reference,"— Practical  Engitieer. 

"  Full  of  useful  information  and  should  be  found  on  the  office  shelf  of  all  practical  engineers." 
~-E!iglis?i  Mechanic, 
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MR.  MUTTON'S  PRACTICAL  HANDBOOKS— continued. 

JPractical  Treatise  on  Modern  Steam-Boilers, 

STEAM-BOILER  CONSTRUCTION.  A  Practical  Handbook 
for  Engineers,  Boiler-Makers,  and  Steam  Users.  Containing  a  large  Col- 
lection of  Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Con- 
struction,-and  Working  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine 
Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Works'  Manager's  Handbook,"  "The  Practical  Engineer's 
Handbook,"  &c.  With  upwards  of  300  Illustrations.  Second  Edition. 
Medium  8vo,  18$.  cloth.  [Just published. 

tS*  This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 
by  the  Author,  viz ; — "The  Works'  Managers'  Handbook''  and  "The  Practi- 
cal Engineer's  Handbook,"  ic/mc/j  are  so  highly  appreciated  by  Engineers  for 
the  practical  nature  of  their  information ;  and  is  consequently  written  in  the  same 
style  as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  form  for  easy  refer- 
ence, of  such  a  large  amount  of  thoroughly  practical  information  on  Steam-Boilers, 
will  be  of  considerable  service  to  those  for  whom  it  is  intended,  and  he  trusts  the  book 
may  be  deemed  worthy  of  as  favourable  a  reception  as  has  been  accorded  to  its 
predecessors. 

*n:*  Opinions  of  the  Press. 

"Every  detail,  both  in  boiler  design  and  manaijement,  is  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exa;t 
sciences ;  and  such  a  book  is  of  the  utmost  v£ilue  to  the  Jin  de  siicU  Engineer  and  Works' 
M  anager. ' ' — Ma  rine  E)igineer. 

"  There  has  long  been  room  for  a  modem  handbook  on  steam  boilers  ;  there  is  not  that  roon» 
row,  because  Mr.  Hutton  has  filled  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occu- 
;jied  in  the  construction,  design,  selection,  or  use  of  boilers." — Ens^Uieer. 

"The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into 
the  libraries  of  everyone  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be 
thoroughly  informed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents." — 
Machinery  Market. 

"  The  value  of  this  book  can  hardly  be  over-estimated.  The  author's  rules,  formulae,  &c.,  .ire 
all  very  fresh,  and  it  is  impossible  to  turn  to  the  work  and  not  find  what  you  want.  No  practi.al 
engineer  should  be  without  '\X."— Colliery  Guardian. 

Mutton's  ''Modernised  Templeton." 

THE  PRACTICAL  MECHANICS'  WORKSHOP  COM- 
PANION. Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcu- 
lated Results  for  Facilitating  Mechanical  Operations.  By  William  Temple- 
ton,  Author  of  "The  Engineer's  Practical  Assistant,"  &c.  &c.  Sixteenth 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  "The  Works'  Manager's  Handbook,"  &c.  Fcap. 
8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illustrative  Diagrame, 
6s.,  strongly  bound  for  workshop  or  pocket  wear  and  tear, 

*:)<*  Opinions  of  the  Press. 

"  In  Its  modernised  form  Hutton's  '  Templeton '  should  have  a  wide  sale,  for  It  contains  mucli 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  whicli 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of '  Templeton.' '  —Eftglish  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ;  and  there  are 
a  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  Uttle  hook."— Building'  A^Tt  j. 

"  This  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  service  to 
the  every-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineermg  and  building.  The  new  modernised  edition  is  worth  its  weight  in  gold."— BuUdin^^ 
JVews.    (Second  Notice.) 

"  This  well-known  and  largely  used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced 
as  to  constitute-it  practically  a  new  book.  It  will  be  largely  used  in  the  office  and  workshop.' — 
Mechanical  World. 

Templeton's  Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT.  A  collection  of  Useful  Tables,  Rules  and  Data, 
By  William  Templeton.    7th  Edition,  with  Additions.   i8mo,  25.  6d.  cloth. 

"Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an  appren- 
tice to  any  of  the  mechanical  trades  could  not  possibly  be  m3.de."— Buildif^  News. 

"  A  deservedly  popular  ivork.    It  should  be  in  the  '  drawer '  of  svcij  mcclianic."— .£";vu^/» 
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Foley's  Reference  Book  for  Mechanical  Engineers, 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK, 
for  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  Generai, 
Engineering  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N.A.  Folio,  £5  5s.  half- 
bound.  [Just  published. 
Summary  of  Contents. 


PART  I. 


Measures.— Circumferences  and 
Areas,  &c.,  Squares,  Cubes,  Fourth 
Powers.— Square  and  Cube  Roots.— 
Surface  of  Tubes — Reciprocals. — 
Logarithms. —  Mensuration.  —  Spe- 
cific Gravities  and  Weights.— 
Work  AND  Power.— Heat.— Combus- 
tion.— Expansion  and  Contraction. 
—  Expansion  of  Gases.— Steam.— 
Static  Forces.— Gravitation  and 
Attraction. — Motion  and  Computa- 
tion of  Resulting  Forces. — Accu- 
mulated Work.— Centre  and  Radius 


of  Gyration.— Moment  of  Inertia. 
— Centre  of  Oscillation. — Elec- 
tricity.— Strength  of  Materials. 
—Elasticity.  —  Test  Sheets  of 
Metals.—  Friction.  —  Transmission 
of  Power.— Flow  of  Liquids.— Flow 
of  Gases.— Air  Pumps,  Surface  Con- 
densers, &c. — Speed  of  Steamships. 
— Propellers.  —  Cutting  Tools. — 
Flanges.  —  Copper  Sheets  and 
Tubes.— Screws,  Nuts,  Bolt  Heads, 
&c.— Various  Recipes  and  Miscel- 
laneous Matter. 


With  DIAGRAMS  for  Valve-Gear,  Belting  and  Ropes,  Discharge  and 
Suction  Pipes,  Screw  Propellers,  and  Copper  Pipes. 


PART  II. 


Riveting.— Boiler  Setting,  Chim- 
neys, and  Mountings. — Fuels,  &c. — 
Examples  of  Boilers  and  Speeds  of 
Steamships. — Nominal  and  Normal 
Horse  Power. 


Treating  of,  Power  of  Boilers.— 
Useful  Ratios.— Notes  on  Con- 
struction. —  Cylindrical  Boiler 
Shells.  —  Circular  Furnaces.  — 
Flat  Plates.  —  Stays.— Girders.— 
Screws.  —  Hydraulic  Tests.  — 
With  DIAGRAMS  for  all  Boiler  Calculations  and  Drawings  of  many 
Varieties  of  Boilers. 

***  Opinions  of  the  Press. 

"  This  appears  to  be  a  work  for  which  there  should  be  a  large  demand  on  the  part  of  mechani- 
cal engineers.  It  is  no  easy  matter  to  compile  a  book  of  this  class,  and  the  labour  involved  is 
•enormous,  particularly  when — as  the  author  informs  us — the  majority  of  the  tables  and  diagrams 
have  been  specially  prepared  for  the  work.  The  diagrams  are  exceptionally  well  executed,  and 
generally  constructed  on  the  method  adopted  in  a  previous  work  by  the  same  author.  .  .  .  The 
tables  are  very  numerous,  and  deal  with  a  greater  variety  of  subjects  than  will  generally  be  found 
in  a  work  of  this  kind  ;  they  have  evidently  been  compiled  with  great  care  and  are  unusually  com- 
plete. All  the  information  given  appears  to  be  well  up  to  date.  ...  It  would  be  quite  impos- 
sible within  the  limits  at  our  disposal  to  even  enumerate  all  the  subjects  treated  ;  it  should, 
however,  be  mentioned  that  the  author  does  not  confine  himself  to  a  mere  bald  statement  of 
formulae  and  laws,  but  in  very  many  instances  shows  succinctly  how  these  are  derived.  .  .  .  The 
latter  part  of  the  book  is  devoted  to  diagrams  relating  to  Boiler  Construction,  and  to  nineteen 
beautifully-executed  plates  of  working  drawings  of  boilers  and  their  details.  As  samples  of  how 
such  drawings  should  be  got  out,  they  may  be  cordially  recommended  to  the  attention  of  all  young, 
and  even  some  elderly,  engineers.  .  .  .  Altogether  the  book  is  one  which  every  mechanical 
engineer  mav,  with  advantage  to  himself  add  to  his  \ihTS.xy."— Industries, 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  .  .  .  The  diagrams  are  a  great  feature 
of  the  work.  .  .  .  Regarding  the  whole  work,  it  may  be  very  fairly  stated  that  Mr.  Foley  has 
produced  a  volume  which  will  undoubtedly  fulfil  the  desire  of  the  author  and  become  indispen- 
sable to  all  mechanical  engineers." — Marine  Eitgineer. 

"  We  have  carefully  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book 
for  the  use  of  marine  engineers."— yournai  of  American  Society  of  Naval  Engineers. 

"  A  veritable  monument  of  industry  on  the  part  of  Mr.  Foley ,  who  has  succeeded  in  producing 
what  is  simply  invaluable  to  the  engineering  pro{es5ion."—Steams/tifi. 

Coal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 
Engineers  and  Steam-users.  By  Nelson  Foley,  Author  of  "  The  Mechanical 
Engineer's  Reference  Book."    Pocket-size,  3s.  6d.  cloth. 

"These  tables  are  designed  to  meet  the  requirements  of  every-day  use ;  they  are  of  suffi- 
cient  scope  for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of 
steam."— Iron. 

•'  This  pocket-book  well  merits  the  attention  of  the  practical  engineer.  Mr.  Foley  has  com- 
piled a  very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by 
engineers,  coal  consumers  and  users  of  sieana."— Iron  and  Coal  Trades  Review, 


MECHANICAL  ENGINEERING,  etc. 


Steam  Engine, 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Sup- 
plement on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By  T.  M. 
GooDEVE,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Normal 
School  of  Science  and  the  Royal  School  of  Mines;  Author  of  "The  Princi- 
ples of  Mechanics,"  "The  Elements  of  Mechanism,"  &c.  Eleventh  Edition, 
Enlarged.  With  numerous  Illustrations.  Crown  8vo,  6s,  cloth. 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine  which  will  bear  comparison 

with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise."— Enjs'tneer. 
"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself." 

—Mining  Journal. 

"Essentially  practical  in  its  aim.    The  manner  of  exposition  leaves  nothing  to  be  desired."— 

Scotsman. 

Gas  Engines, 

ON  GAS-ENGINES.    Being  a  Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-booh  on  the  Steam  Engine,  by  T.  M.  Goodeve, 
M.A.    Crown  8vo,  2S.  6d.  cloth. 
"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  In  point  of  general  excellenee. 
It  is  a  valuable  httle  vo\nn\&."— Mechanical  PForld. 

Steam  Engine  Design, 

THE  STEAM  ENGINE  :  A  Practical  Manual  for  Draughts- 
men, Designers,  and  Constructors.  Translated  from  the  German  of  Her- 
mann Haeder;  Revised  and  Adapted  to  English  Practice  by  H.  H,  P. 
PowLES,  A.M.I.C.E.,  Translator  of  Kick's  Treatise  on  "Flour  Manufacture." 
Upwards  of  i,oco  Diagrams.    Crown  8vo,  cloth,  [/«  the  press, 

Steatn  Hoilef^^i 

A  treatise' ON  STEAM  BOILERS:  Their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  C.E.  Fifth  Edition, 
i2mo,  6s.  cloth. 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 
"The  author  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  em- 
ploying  steam  power  to  possess  themselves  of  the  yiox\i."—Ry land's  Iron  Trade  Circular. 

Boiler  Chimneys, 

BOILER  AND  FACTORY  CHIMNEYS;  Their  Draught-Power 
and  Stability.  With  a  Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  A. I.e. E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c.  Second 
Edition.    Crown  8vo,  3^.  6d.  cloth. 

"Full  of  useful  information,  definite  in  statement,  and  thoroughly  practical  in  treatment."— 
The  Local  Government  Chronicle. 

"A  valuable  contribution  to  the  literature  of  scientific  building."— TTte  Builder. 

Boiler  Making, 

THE  BOILER.MAKER'S  READY  RECKONER  &- ASSIST- 

A  NT.  With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 
of  Platers,  Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M.I.C.E.  Third  Edition,  480  pp.,  with  i4oIllusts.  Fcap.  8vo,  7s.  half-bound. 
"  A  most  useful  work.  .  .  .  No  workman  or  apprentice  should  be  without  this  book."— 
Iron  Tj  ade  Circular, 

"  Boiler-makers  will  readily  recognise  the  value  of  this  volume.  .  .  .  The  tables  are  clearly 
printed,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  facility,  so  that  it  cannot  be 
doubted  that  they  will  be  generally  appreciated  cmd  much  used." — Mining  Journal. 

Locomotive  Engine  Development. 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 
A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  the  Years  1803  and  1892.  By  Clement  E.  Stretton,  C.E.,  Author 
of  '*  Safe  Railway  Working,"  &c.  Second  Edition,  Revised  and  much 
Enlarged.  With  94  Illustrations.  Crown  8vo,  3s.  6(i.  cloth.  [Just  published, 
"  Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  tlie  modern  locomo- 
tive will  find  much  to  attract  and  entertain  in  this  volume." — The  Titnes. 

"  The  volume  cannot  fail  to  be  popular,  because  it  contains,  in  a  condensed  and  readable 
form,  a  great  deal  of  just  the  kind  of  information  that  multitudes  of  people  want." — Engineer. 

"  The  author  of  this  work  is  well  known  to  the  railway  world  as  one  who  has  long  taken  a 
great  interest  in  everything  pertaining  thereto.  No  one  probably  has  a  better  knowledge  of  the 
history  and  development  of  the  locomotive.  It  is  with  much  pleasure  we  welcome  the  volume 
before  us  ...  .  which,  taken  as  a  whole,  is  most  interesting,  and  should  be  of  value  te  all 
connected  with  the  railway  system  of  this  country  as  a  book  of  reference."— jVa:?;^;-^. 
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Fire  Engineering, 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Management:  Re- 
marks on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire  ; 
Statistics  of  the  Fire  Appliances  in  English  Towns  ;  Foreign  Fire  Systems  ; 
Hints  on  Fire  Brigades,  &c.  &c.  By  Charles  F.  T.  Young,  C.E.  With 
numerous  Illustrations.  544  pp.,  demy  8vo,  £1  4s.  cloth. 
To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 

heartil}'  commend  this  book.    It  is  rea'ly  the  only  English  work  we  now  have  upon  the  subject"— 

/ifghteerina; 

JSsti mating  for  Engineering  Worh,  <Sc, 

ENGINEERING  ESTIMATES,  COSTS  AND  ACCOUNTS: 
A  Guide  to  Commercial  Engineering.  With  numerous  Examples  of  Esti- 
mates and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam 
Engines  and  Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs 
Accounts.  By  A  General  Manager.  Demy  8vo,  12s.  cloth. 
"  This  is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  In 

every  factory  and  workshop.    .   .  .    The  book  is  invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  ■works."— Builder. 

"  We  accord  the  work  unqualified  praise.    The  information  is  given  in  a  plain,  straightforward 

manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phase  of  commercial  engiaeeriug  "—.\fechxntctl  IVorld. 

Engineering  Construction, 

PATTERN -MAKING  :  A  Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made.  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  &c.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.  By  a  Foreman  Pattern  Maker.  With  upwards  of  370 
Illustrations,    Crown  8vo,  ys.  6d.  cloth. 

"  A  well  written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattcfrn-making."— ^wiVrf^r. 
"More  than  370  illustrations  help  to  explain  the  text,  which  is,  however,  always  clear  and  ex- 
p1i-!t,  thus  rendering  the  work  an  excellent  vade  mecum  for  the  apprentice  who  desires  to  become 
master  of  liis  trade." — English  Mechanic. 

Dictionary  of  Mechanical  Engineering  Terms, 

LOCKWOOD' S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRACTICE  OF  MECHANICAL  ENGINEERING, emhracin^ihosecurTe::it 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smith's  and 
Boiler  Shops,  &c.  &c.  Comprising  upwards  of  6,000  Definitions,  Edited  by 
A  Foreman  Pattern-Maker,  Author  of  "Pattern  Making."  Second 
Edition,  Revised,  with  Additions.  Crown  Svo,  7s.  6d.  cloth,  [jfust  published, 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 

Rlneering.    The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and 

every  foreman  engineer  and  mechanic  should  have  a  copy."— Bntiding  Neivs. 

"One  of  the  most  useful  books  which  can  be  presented  to  a  mechanic  or  student."— £«^.VjA 

Mechanic.  

"  Not  merely  a  dictionary,  but,  to  a  certain  extent,  also  a  most  valuable  guide.    It  strikes  us  as 

a  happy  idea  to  combine  with  a  definition  of  the  phrase  useful  information  on  the  subject  of  which 

it  tre!Lts."—Mac/tinerj'  Market. 

3IiU  Gearing, 

TOOTHED  GEARING  :  A  Practical  Handbook  for  Offices  and 
Workshops.  By  A  Foreman  Pattern  AIaker,  Author  of  "  Pattern  Making," 
"  Lockwood's  Dictionary  of  Mechanical  Engineering  Terms,"  &c.  With 
184  Illustrations.    Crown  8vo,  6s.  cloth.  ijust  published. 

Summary  of  Contents. 
Chap.  I.  Principles.— II.  Forma- 
tion OF  Tooth  Profiles.— III.  Pro- 
portions OF  Teeth. — IV.  Methods 
OF  Making  Tooth  Forms.— V.  Invo- 
lute Teeth. —  VI.  Some  Special 
Tooth  Forms. — VII.  Bevel  Wheels. 
—  Vin.  Screw  Gears  —IX.  Worm 
Gears.— X,    Helical    Wheels— XI. 

"  We  must  give  f^e  hook  our  Mnqualified  praise  for  its  thonughness  of  treatment,  and  we  can 
heartily  r^comm^nd  it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  written."— 
Michattical  tfor/d. 


Skew  Bevels.— XII.  Vari.\ble  and 
other  Gears.— XIII.  Diametrical 
Pitch.— XIV.  The  Odontograph.— 
XV.  Pattern  Gears.— XVI.  Machine 
Moulding  Gears. — XVII.  Machine 
Cut  Gears.— XVIII.  Proportion  of 
Wheels. 
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Stone-working  Machinery, 

STONE-WORKING  MACHINERY,  and  the  Rapid  and  Economi- 
cal Conversion  of  Stone.  With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  By  M.  Powis  Bale,  M.I.M.E.  With  lUusts.  Crown  8vo,  gs. 
"The  book  should  be  in  the  hands  of  every  mason  or  student  of  stone-work."— C^^/Ziery 

Guardian. 

"A  capital  handbook  for  all  who  manipulate  stone  for  buildingf  or  ornamental  purposes."— 

Machinery  Market. 

Pump  Construction  and  Management, 

PUMPS  AND  PUMPING  :  A  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  "  Woodworking  Machinery,''  "  Saw  Mills,"  &c.  Second 
Edition,  Revised.     Crown  8vo,  2S.  6d.  cloth.  \Just  published, 

"The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuseness 
his  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to  be 
of  Mse."—yournal  of  Gas  Lighting. 

"  Thoroughly  practical  and  simply  and  clearly  written."— C/aj^07f  Herald. 

Milling  Machinery,  etc, 

MILLING  MACHINES  AND  PROCESSES'.  A  Practical 
Treatise  on  Shaping  Metals  by  Rotary  Cutters,  including  Information  on 
Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck,  Author  of"  Lathe- 
work,"  "  Handybooks  for  Handicrafts,"  &c.  With  upwards  of  300  Engrav- 
ings, including  numerous  Drawings  by  the  Author.  Large  crown  8vo,  352 
pages,  I2S.  6d.  cloth. 
"  A  new  departure  in  engineering  literature.    .    .    .    We  can  recommend  this  work  to  all 

interested  in  milling  machines  ;  it  is  what  it  professes  to  be— a  practical  x.re.?itise."— Engineer. 

"  A  capital  and  reliable  book,  which  will  no  doubt  be  of  considerable  service,  both  to  those 

who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption." — 

Industries, 

Turning, 

LATHE-WORK  :  A  Practical  Treatise  on  the  Tools,  Appliances, 

and  Processes  employed  in  the  Art  of  Turning,      By  Paul  N.   Hasluck. 

Fourth  Edition,  Revised  and  Enlarged.    Cr.  8vo,  5s.  cloth. 

"Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  edl  turners  this  book  would  be  valuable." 
—Engineeritig. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  will  simply  be 
nvaluable.    To  the  student  it  will  convey  a  great  deal  of  Jiseful  information."— £«je^t««r. 

Screw- Cutting, 

SCREW  THREADS  :    And  Methods  of  Producing  Them.     With 

Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 

By  Paul  N.  Hasluck,  Author  of  "  Lathe- Work,"  &c.     With  Seventy-four 

Illustrations.    Third  Edition,  Revised  and  Enlarged.   Waistcoat-pocket  size, 

IS.  6d.  cloth. 

"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies  and  screvnng-tools  ger.e- 
rally  are  illustrated  and  their  action  descnhed."— Mechanical  IVorld.i 

"It  is  a  complete  compendium  of  all  the  details  of  the  screw  cutting  lathe  ;  in  fact  a  multutn 
in  parvo  on  all  the  subjects  it  treats  yx^pov^.."— Carpenter  and  Builder, 

Smith's  Tables  for  Mechanics,  etc, 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  etc. 
Selected  and  Arranged  by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised 
and  Enlarged,  with  a  New  Section  of  Electrical  Tables,  FoRMULiE,  and 
Memoranda.     Waistcoat-pocket  size,  is.  6d.  limp  leather. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine  ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Engineer, 

"The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  Into  the  dimen- 
slons  of  a  C3^Td-cise."— Building  News.        "A  veritable  pocket  treasury  of  knowledge."— /rwr. 

French- English  Glossary  for  Engineers,  etc, 

A  POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH ;  with  Tables  saitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  By  John  James 
Fletcher,  Engineer  and  Surveyor.  Second  Edition,  Revised  and  Enlarged, 
200  pp.  Waistcoat-pocket  size,  is.  6d.  limp  leather. 
"It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and  England  to  have 
to  large  a  number  of  the  words  relating  to  engineering  and  manufacturers  collected  m  a  liliputian 
volume.    The  Uttle  book  will  be  useful  both  to  students  and  travellers."— Architect. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  tables  are  new  and  well  arranged. 
We  cordially  commend  the  hooV..— Mechanical  f florid. 
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Portable  Engines, 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 
MANAGEMENT.  A  Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrough.  With  90  Illustra- 
tions.   Crown  8vo,  3s.  6d.  cloth. 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every- 
one who  has  a  steam  engine,  on  a  farm  or  elsewhere."— Afar-t  Lane  Express. 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  those  wh» 
have  to  do  with  their  construction  or  use." —  Timber  Trades  Journal. 

"  Such  a  general  knowledge  of  the  steam  engine  as  Mr.  Wansbrough  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine."— £ui/din£'  News. 
"  An  excellent  text-book  of  this  useful  form  of  engine,  which  describes  with  all  necessary 
minuteness  the  details  of  the  various  devices.  .  .  '  The  Hints  to  Purchasers '  contain  a  good  deal  cJ 
conimonsense  and  practical  wisdom." — English  Mechanic, 

Iron  and  Steel, 

'•  IRON  AND  STEEL  "  ;  ^  Work  for  the  Forge,  Foundry,  Factory ^ 
and  Office.  Containing  ready,  useful,  and  trustworthy  Information  for  Iron- 
masters and  their  Stock-tak(rs ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet 
Rolling  Mills  ;  Iron  and  Metal  Founders ;  Iron  Ship  and  Bridge  Builders  ; 
Mechanical,  Mining,  and  Consulting  Engineers  ;  Architects,  Contractors, 
Builders,  and  Professional  Draughtsmen.  By  Charles  Hoare,  Author  ol 
"The  Slide  Rule,"  &c.  Eighth  Edition,  Revised  throughout  and  considerably 
Enlarged.    32mo,  6s.  leather. 

"  For  comprehensiveness  the  book  has  not  its  equal." — Iron. 

"  One  of  the  best  of  the  pocket  hoQ\t.s."— English  Mechanic. 

"We  cordially  recommend  this  book  to  those  engaged  in  considering  the  details  of  all  kinds  of 
iron  and  steel  works."— A'ai/a/  Science. 

Elementary  MecJianics. 

CONDENSED  MECHANICS.  A  Selection  of  Formulae,  Rules, 
Tables,  and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c. 
In  Accordance  with  the  Requirements  of  the  Science  and  Art  Department. 
By  W.  G,  Crawford  Hughes,  A.M.I.C.E.    Crown  8vo,  2s.  6d.  cloth. 

"  The  book  is  well  fitted  for  those  who  are  either  confronted  with  practical  problems  in  thei*^ 
work,  or  are  preparing  for  examination  and  wish  to  refresh  their  knowlecfge  by  going  through  their 
formulae  again." — Marine  Engineer. 

"  It  is  well  arranged,  and  well  adapted  to  meet  the  wants  of  those  for  whom  it  is  intended." — 
Rail-way  News, 

Steam. 

THE  SAFE    USE  OF  STEAM.     Containing  Rules  for  Un- 
professional Steam-users.    By  an  Engineer.    Sixth  Edition.    Sewed,  td. 
"  If  steam-users  would  but  learn  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  lazity."— English  Mechanic. 

Warming, 

HEATING  BY  HOT  WATER;  with  Information  and  Sug- 
gestions on  the  best  Methods  of  Heating  Public,  Private  and  Horticultural 
Buildings.  By  Walter  Jones.  With  upwards  of  50  Illustrations.  Crown 
8vo,  2S.  cloth. 

"  We  confidently  recommend  all  interested  in  heating  by  hot  water  to  secure  a  copy  of  this 
valuable  little  treatise."— 7"A<r  Plumber  and  Decorator. 


MECHANICAL   ENGINEERING,  etc. 


THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

("The  Engine  Driver's  Friend"). 

Locomotive- Engine  Driving, 

LOCOMOTIVE-ENGINE  DRIVING  :  A  Practical  Manual  Jok 
Engineersin  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
of  the  Society  of  Engineers,  formerly  Locomotive  Inspector  L.  B.  and  S.  C.  R. 
Eighth  Edition.  Including  a  Key  to  the  Locomotive  Engine.  With  Illus- 
trations and  Portrait  of  Author.  Crown  8vo,  4s.  6d.  cloth. 
"Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recommend 

the  book,  not  orJy  to  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance 

of  locomotive  engines." — The  Ens^ineer. 

"  Mr.  Reynolds  has  opened  a  new  chapter  In  the  literature  of  the  day.  This  admirable  practical 

treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." — 

Athenaum. 

"  Evidently  the  work  of  one  who  knows  his  subject  thoroughly."— ^ai'/waj/  Service  Gazette. 
"Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  every-day  working  of 

our  engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore."— 5«<j»ta«. 

Stationary  Engine  Driving, 

STATIONARY  ENGINE  DRIVING  :  A  Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds.  Fourth 
Edition,  Enlarged.    With  Plates  and  Woodcuts.    Crown  8vo,  4s.  6d.  cloth. 

"Theauthor  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 
treated  is  clear  and  practical.  ,  .  .  He  has  produced  a  manual  which  is  an  exceedingly  useful 
one  for  the  class  for  whom  it  is  specially  intended." — Engineering: 

"  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it."— Engineer. 

"An  engfineman  who  has  mastered  the  contents  of  Mr.ReynoIds's  book  will  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  ihem."—£ngiishMechanie; 

The  Engineer,  Firemanf  and  Engine-Boy, 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  anct 
ENGINE-BOY.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors.  By  Michael  Reynolds.  With  numerous  Illus- 
trations and  a  fine  Portrait  of  George  Stephenson.  Crown  8vo,  4s.  6d.  cloth. 
"From  the  technical  knowledge  of  the  author  it  wi'l  appeal  to  the  railway  man  of  to-day  mora 
forcibly  than  anything  written  by  Dr.  Smiles.  .  .  ,  The  volume  contains  information  of  a  tech- 
nical kind,  and  facts  that  every  driver  should  be  familiar  -with."— English  Mechanic. 

"We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— //•(?«. 

Continuous  Railway  Drakes, 

CONTINUOUS  RAILWAY  BRAKES:  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael. 
Reynolds.    Large  crown  8vo,  gs.  cloth. 
"A  popular  explanation  of  the  different  brakes.   It  will  be  of  great  assistance  in  forming  public 

opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake."— £n£ lis/) 

Mechanic, 

"Written  with  sufficient  technical  detail  to  enable  the  principle  and  relative  connection  of  the 

various  parts  of  each  particular  brake  to  be  readily  grs&^Qd."— Mechanical  World. 

Engine-Driving  Life, 

ENGINE-DRIVING  LIFE  :  Stirring  Adventures  and  Incidents 
in  the  Lives  of  Locomotive-Engine  Drivers.  By  Michael  Reynolds.  Second 
Edition,  with  Additional  Chapters.     Crown  8vo,  2S.  cloth. 

"From  first  to  last  perfectly  fascinating.    Wilkie  Collins's  most  thrilling  conceptions  are  thrown, 
i  nto  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."—A'orih  British  Mail.. 
"Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read  *  Engine- 
Driving  Life'  for  himself ;  and  if  he  once  take  it  up  he  will  find  that  the  author's  enthusiasm  and  real 
Ic  ve  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  pa^^.'—SoUurday  Review. 

PocTcet  Companion  for  Enginetnen, 

THEENGINEMAN'S  POCKET  COMPANION  AND  PRAC- 
TICAL EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illustra- 
tions and  numerous  Diagrams.  Second  Edition,  Revised.  Royal  i8mo,  3s.  6d., 
strongly  bound  for  pocket  wear. 

"This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship  oC 
a  competent  engineer." — Glasgow  Herald, 

"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an  engine- 
minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require."— rA« 
Millar. 

"  A  boon  to  those  who  are  striving  to  become  efficient  mechanics."— DaiTy  Chronicle, 
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CIVIL  ENGINEERING,  SURVEYING,  etc. 

MR.  NUMBER'S  VALUABLE  ENGINEERING  BOOKS. 
The  Water  Supply  of  Cities  and  Towns, 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.Inst.C.E.,  and 
M.  Inst.  M.E.,  Author  of  "Cast  and  Wrought  Iron  Bridge  Construction," 
&c.  &c.  Illustrated  with  50  Double  Plates,  i  Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  250  Woodcuts,  and  containing  400  pages  of 
Text.  Imp.  4to,  £6  6s.  elegantly  and  substantially  half-bound  in  morocco. 
Ltst  of  Contents. 


I.  Historical  Sketch  of  some  of  the  means 
Jhat  have  been  adopted  for  the  Supply  of  Water 
to  Cities  and  Towns.— II.  Water  and  the  Fo- 
reign Matter  usually  associated  with  it.— III. 
Ramfall  and  Evaporation.— IV.  Springs  and 
the  water-bearing  formations  of  various  dis- 
tricts.— V.  Measurement  and  Estimation  of  the 
flow  of  Water— VI.  On  the  Selection  of  the 
Source  of  Supply.— VII.  WeUs.— VIII.  Reser- 
The   I 


Conduits.— XIII.  Distribution  of  Water,— XIV. 
Meters,  Service  Pipes,  and  House  Fittings.— 

XV.  The  Law  and  Economy  of  Water  Works. 

XVI.  Constant   and    Intermittent   Supply.— 

XVII.  Description  of  Plates.  —  Appendices, 
giving  Tables  of  Rates  of  Supply,  Velocities, 
&c.  &c.,  together  with  Specifications  of  several 
Works  illustrated,  among  which  will  be  found : 
Aberdeen,  Bideford,  Canterbury,  Dundee, 
Halifax,  Lambeth,  Rotherham,  Dublin,  and 
others. 


voirs.— IX.    The    Purification   of    Water.— X. 
Pumps.  —  XL    Pumping    Machinery.  —  XII. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  or 
in  any  other  language.  .  .  .  Mr.  Humber  s  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  EngUsh  technical  treatises." 
—Engineer, 

"  We  can  con^^ratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  infor- 
mation on  a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty  in 
number,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession."— Buiider. 

Cast  and  Wrought  Iron  Bridge  Construction, 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A. M.Inst.C.E.,  and  M.Inst. M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (20  ol  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text.  In  Two  Vols., 
imp.  4to,  £6  i6s.  6d.  half-bound  in  morocco. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instruc- 
tive worth  of  those  iHustrat'ions."— Civil  Engineer  and  Architect's  yournal. 

"Mr.  number's  stately  volumes,  lately  issued— in  which  the  most  important  bridges  erected 
during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt,  Mr.  Hawk- 
shaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent  engineers,  are 
drawn  and  specified  in  great  detail."— £M^««r. 

Strains,  Calculation  of, 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  ANDSIMILARSTRUCTURES,AND  THEIRSTRENGTH. 
Consisting  of  Formulae  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  Humber,  A-M.Inst.C.E.,  &c. 
Fifth  Edition.    Crown  8vo,  nearly  100  Woodcuts  and  3  Plates,  ys.  6d.  cloth. 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  gcod."—At/tenaum. 
"We  heartily  commend  this  really  hattdy  book  to  our  engineer  and  architect  readers."— J?«^- 
lish  Mechanic. 

Barlow's  Strength  of  Materials,  enlarged  hy  Humber. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS ; 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  New  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
are  added.  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and 
Formulae  for  Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber, 
A-M.Inst.C.E.  Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Wood, 
cuts,  i8s.  cloth. 
"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank  in 

ftiture,  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— £M^i««r. 
"  There  is  no  greater  authority  than  Barlow."— ^wiVrfiw^  News. 
"As  a  scientific  work  of  the  first  class,  it  deser^'es  a  foremost  place  on  the  bookshelves  of  every 

civil  engineer  and  practical  mechanic."— £'«^//,fA  Mechanic. 
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MR.  NUMBER'S  GREAT  WORK  ON  MODERN  ENGINEERING. 

Complete  in  Four  Volumes,  imperial  4to,  price  £12  12s.,  half-morocco.    Each 
Volume  sold  separately  as  follows : — 

A  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEER- 
ING. First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber, 
A-M.Inst.C.E.,  &c.  Imp,  4to,  with  36  Double  Plates,  drawn  to  a  large  scale, 
Photographic  Portrait  of  John  Hawkshaw,  C.E.,  F.R.S,,  &c.,  and  copious 
descriptive  Letterpress,  Specifications^  &c.,  £3  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 
Victoria  StaHon  and  Roof,  L.  B.  &  S.  C.  R. 

{8  plates) ;  Southport  Pier  (2  plates) ;  Victoria 

Station  and  Roof.  L.  C.  &  D.  and  G.  W.  R.  (6 

plates);  Roof  of  Cremorne  Music  Hall;  Bridge 

over  G.  N.  Railway ;   Roof  of  Station,  Dutch 

Rhenish    Rail    (2  plates) ;    Bridge    over    the 

"  Handsomely  lithographed  and  printed.    It  will  find  favour  with  many  who  desire  to  preserve 

In  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  the  guidance  of  the  coa- 

tractors  for  many  important  engineering  works," — £n£t>teer. 

HUMBERTS  PROGRESS  OF  MODERN  ENGINEERING. 
Second  Series.  Imp,  4to,  with  36  Double  Plates,  Photographic  Portrait  of 
Robert  Stephenson,  C.E,,  M.P,,  F,R,S,,  &c.,  and  copious  descriptive  Letter- 
press, Specifications,  &c.,  £s  3s.  half-morocco. 

List  0/  the  Plates  and  Diagrams. 

and  Abergavenny  Railway;   Ebbw   Viaduct, 


Thames,  West  London  Extension  Railway  (S 
plates);  Armour  Plates:  Suspension  Bridge, 
Thames  (4  plates);  The  Allen  Engine;  Sus- 
pension Bridge,  Avon  (3  plates) ;  Underground 
Railway  (3  p&es). 


Birkenhead  Docks,  Low  Water  Basin  (15 
plates);  Charing  Cross  Station  Roof,  C,  C, 
Railway  (3  plates) ;  Digswell  Viaduct.  Great 
Northern  Railway;  Robbery  Wood  Viaduct, 


Great    Northern  '  Railway ;  '  Iron 
Way;  Clydach  Viaduct,   Merthyi 


Permanent 
Tredegar, 


Merthyr,  Tredegar,  and  Abergavenny  Rail- 
way ;  College  Wood  Viaduct,  Cornwall  Rail- 
way ;  Dublin  Winter  Palace  Roof  (3  plates) ; 
Bridge  over  the  Thames,  L.  C.  &  D,  Railway 
(6  plates) ;  Albert  Harbour,  Greenock  (4  plates). 


"  Mr.  Humber  has  done  the  profession  good  and  true  service,  by  the  fine  collection  of  examples 
he  has  here  brought  before  the  profession  and  the  pnhUc,"—Prac(ical  Mechanic's  Journal. 

HUMBERTS    PROGRESS     OF     MODERN     ENGINEERING. 

Third  Series.    Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of 
J.  R.  M'Clean,  late   Pres,  Inst,  C.E.,  and  copious  descriptive  Letterpress, 
.       Specifications,  &c.,  £s  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 
Main  Drainage,  Metropolis.— .Vc^r^A 
Side. — Map  showing  Interception  of  Sewers ; 
Middle  Level  Sewer  {2  plates) ;  Outfall  Sewer, 
Bridge  over  River  Lea  (3  plates) ;  Outfall  Sewer, 
Bridge  over  Marsh  Lane,  North  Woolwich 
Railway,  and  Bow  and  Barking  Railway  Junc- 
tion ;  Outfall  Sewer,  Bridge  over  Bow  and 
Barking  Railway  (3  plates) ;  Outfall  Sewer, 
Bridge  over  East  London  Waterworks'  Feeder 
(2  plates) ;  Outfall  Sewer,  Reservoir  (2  plates) ; 
Outfall  Sewer,  Tumbling  Bay  and  Outlet ;  Out- 
fall Sewer,  Penstocks.  South  Side.— Outfall 
Sewer,  Bermondsey  Branch  (2  plates) ;  Outfall 

"  The  drawings  have  a  constantly  increasing  value,  and  whoever  desires  to  possess  clear  repre- 
sentations of  the  two  great  works  carried  out  by  our  Metropolitan  Board  will  obtain  Mr.  Humber'i 
yolniae."—£u£^ineer. 

H  UMBER'S     PROGRESS    OF     MODERN     ENGINEERING. 

Fourth  Series.  Imp,  4to,  with  36  Double  Plates,  Photographic  Portrait  ot 
John  Fowler,  late  Pres.  Inst.  C.E,,  and  copious  descriptive  Letterpress, 
Specifications,  &c.,  £^  3s.  half-morocco. 

List  of  the  Plates  and  Diagrams. 


Sewer,  Reservoir  and  Outlet  (4  plates) ;  Outfall 
Sewer,  Filth  Hoist ;  Sections  of  Sewers  (North 
and  South  Sides). 

Thames  F.mbankment.— Section  of  River 
Wall ;  Steamboat  Pier,  Westminster (2  plates); 
Landing  Stairs  between  Charing  Cross  and 
Waterloo  Bridges ;  York  Gate  (2  plates) ;  Over- 
flow and  Outlet  at  Savoy  Street  Sewer  (3  plates) ; 
Steamboat  Pier,  Waterloo  Bridge  (3  plates) ; 
Junction  of  Sewers,  Plans  and  Sections; 
Gullies,  Plans  and  Sections ;  Rolling  Stock  ; 
GrcUiite  and  Iron  Forts, 


Mesopotamia;  Viaduct  over  the  River  Wye, 

Midland  Railway  (3  plates) ;  St.  Germans  Via- 
duct,  Cornwall  Railway  (2  plates);  Wrought- 


Abbey  Mills  Pumping  Station,  Main  Drain- 
age,  Metropolis  (4  plates) ;  Barrow  Docks  (5 
plates);  Manquis  Viaduct,  Santiago  and  Val- 
paraiso Railway  (2  plates) ;  Adam's  Locomo- 
tive, St.  Helen's  Canal  Railway  (2  plates) ; 
Cannon  Street  Station  Roof,  Channg  Cross 
Railway  (3  plates) ;  Road  Bridge  over  the  River 
Moka  (2  plates);  Telegraphic  Apparatus  for 

"We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  of 
Mr.  Humber,  The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  useful- 
ness in  giving  the  measurements  and  details  of  some  of  the  latest  examples  of  engineering,  as 
carried  out  by  the  most  eminent  men  in  the  profession,  cannot  be  too  highly  prized."— Artisan. 


Iron  Cylinder  for  Diving  Bell ;  Millwall  Docks 
(6  plates);  Milroy's  Patent  Excavator;  Metro- 
politan District  Railway  (6  plates);  Harbours, 
Ports,  and  Breakwaters  (3  plates). 
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Statics,  Graphic  and  Anahjtic, 

GRAPHIC  AND  ANALYTIC  STATICS,  in  their  Practical  Appli- 
cation to  the  Treatment  of  Stresses  in  Roofs,  Selid  Girders,  Lattice,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks. 
By  R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale, 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.    8vo,  165.  cloth. 

"Mr.  Graham's  book  -will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or  studied." 
—hngt7teer. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepared  with 
much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well- 
selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman."— ^/A«««»<»». 

Practical  Mathematics, 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law,  C.E.  4th  Edition,  carefully 
Revised  by  J.  R.Young,  formerly  Professor  of  Mathematics,  Belfast  College, 
With  13  Plates.    8vo,  £1  is.  cloth. 

"  The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathe- 
matical difficulty  that  may  arise  in  his  practice.  The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out."— Builder. 

"  One  of  the  most  serviceable  books  for  practical  mechanics.  .  .  It  is  an  instructive  book  for 
the  student,  and  a  text-book  for  nira  who,  having  once  mastered  the  subjects  it  treats  ot,  needs 
occasionally  to  refresh  his  memory  upon  them."—£uiJdinj3r  Neius. 

Hydraulic  Tables, 

HYDRAULIC  TABLES,  CO-EFFICIENTS, and  FORMULA 

for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rainfall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  Civil  Engineer,  M.R.I.A.  Third  Ed.,  carefully 
Revised,  with  considerable  Additions.   Numerous  Illusts.    Cr.  8vo,  14s.  cloth. 

"  Alike  valuable  to  students  and  engineers  in  practice  ;  its  study  will  prevent  the  annoyance  of 
avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 
given  work  connected  with  hydraulic  engineering." — Mifiittg-  Journal. 

"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness.  .  .  .  From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition."— ..4  rcArterf. 

Mydraulics, 

HYDRA  ULIC  MANUAL.     Consisting  of  Working  Tables  and 
Explanatory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field 
Operations.    By  Lowis  D'A.  Jackson,  Author  of  "Aid  to  Survey  Practice," 
"  Modern  Metrology,''  &c.    FourthjEdition,  Enlarged.    Large  cr.  8vo,  16s.  cl. 
"  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  ob- 
server of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  his 
command  he  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide  to  this 
branch  of  the  engineer's  profession.     We  can  heartily  recommend  this  volume  to  all  who  desire  to 
be  acquainted  with  the  latest  development  of  this  important  s,vi.h}ect."— Engineerings. 
"  The  standard-work  in  this  department  of  mechanics."— 5<-i?/i»»3:«. 

"  The  most  useful  feature  of  this  work  is  its  freedom  from  what  Is  superannuated,  and  its 
thorough  adoption  of  recent  experiments ;  the  text  is,  in  fact,  in  great  part  a  short  account  of  the 
great  modem  experiments."— Nature. 

Drainage, 

ON  THE  DRAINAGE  OF  LANDS,  TOWNS,  AND  BUILD. 
JNGS.  By  G.  D.  Dempsey,  C.E.,  Author  of  "  The  Practical  Railway  En- 
gineer," &c.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnear  Clark,  M.Inst.C.E.  Author  of 
"Tramways:  Their  Construction  and  Working,"  "A  Manual  of  Rules, 
Tables,  and  Data  for  Mechanical  Engineers,"  &c.  Second  Edition,  Cor- 
rected.    Fcap.  Svo,  5s.  cloth. 

"The  new  matter  added  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  comprehen- 
sive grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 
At/tenautn. 

"As  a  work  on  recent  practice  in  drainage  engineering,  the  book  Is  to  be  commended  to  all 
who  are  making  that  branch  of  engineering  science  their  special  study." — Iron.^ 

"  A  comprehensive  manual  on  drainage  engineering,  and  a  useful  introduction  to  the  student." 
—Building  News. 
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Water  Storage,  Conveyance,  and  Utilisation, 

WA  TER  ENGINEERING  :  A  Practical  Treatise  on  the  Measure- 
ment, Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charles  Slagg,  Water  and 
Drainage  Engineer,  A.M. Inst. C.E.,  Author  of  "  Sanitary  Work  in  the  Smaller 
Towns,  and  in  Villages,"  &c.  With  numerous  lUusts.  Cr.  8vo.  js.  6d.  cloth. 
"As  a  small  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of 

water-power,  the  work  is  in  many  respects  ey.ce\\enV'—Enguieering: 

"  The  author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 

authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accompanied  by  very  clear 

and  detailed  explanations.    .    .    .    The  apphcation  of  water  as  a  motive  power  is  treated  very 

carefully  and  exhaustively."— 5;<z7a'^r. 

"For  anyone  who  desires  to  begin  the  study  of  hydraulics  with  a  consideration  of  the  practical 

applications  of  the  science  there  is  no  better  %m<le."— Architect. 

River  Engineering, 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat. 
ment  by  "  Induced  Tidal  Scour;  "  with  a  Description  of  the  Successful  Re- 
duction by  this  Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann,  Assist.  Eng. 
to  the  Dublin  Port  and  Docks  Board.  Royal  8vo,  ys.  6d.  cloth. 
"  We  recommend  all  interested  in  harbour  works— and,  indeed,  those  concerned  in  the  im- 
provements of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 
bars."— £;ifi««r. 

^Frusses 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 
Sciencein  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction,^  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and 
Art.  Oblong  8vo,  4s.  6i.  cloth. 
"  This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of 

coof  trusses,  that  no  student  need  be  ignorant  of  these  maXisrs."— Practical  Engineer. 

Railway  Working, 

SAFE  RAILWAY  WORKING.  A  Treatise  on  Railway  Acci- 
dents: Their  Cause  and  Prevention ;  with  a  Description  of  Modern  Appliances 
and  Systems.  By  Clement  E.  Stretton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
trations and  Coloured  Plates.  Third  Edition,  Enlarged.  Crown  8vo,  3s.  6d. 
cloth. 
••  A  book  for  the  engineer,  the  directors,  the  managers ;  and,  In  short,  all  who  wish  for  informa- 

aioB  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working."  "—Rail-way 

Review. 

"  We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a 

uniform  code  and  practice  is  advoc&ted."—//erepath's  Railway  Journal. 

"The  author  maybe  congratulated  on  having  collected,  in  a  very  convenient  form,  much 

valuable  information  on  the  principal  questions  affecting  the  safe  working  of  railways."— ^atV- 

•way  Engineer. 

Oblique  Bridges, 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIQUE 
BRIDGES.  With  13  large  Plates.  By  the  late  George  Watson  Buck, 
M.I.C.E.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.  ; 
and  with  the  addition  of  Description  to  Diagrams  for  Facilitating  the  Con- 
struction of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.C.E.  Royal  8vo,  12s. 
cloth. 

"  The  standard  text-book  for  all  engineers  regarding  skew  arches  Is  Mr.  Buck's  treatise,  and  it 
would  be  impossible  to  consult  a  better." — Engineer. 

"Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  his  treatment  has  divested  the 
subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  archi- 
tect, on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  uvtsnxpass&d."— Building  News. 

Tunnel  Shafts, 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS:  A 
Practical  and  Theoretical  Essay.  By  J.  H.  Watson  Buck,  M.Inst.C.E., 
Resident  Engineer,  London  and  North- Western  Railway.  Illustrated  with 
Folding  Plates.    Royal  8vo,  12s.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason ;  and  the  observations 

on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates  will  be 

found  of  considerable  use.  We  commend  the  book  to  the  engineering  profession."— Building  News. 

"Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time 

nnd  obviate  many  mistakes." — Colliery  Guardian, 
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Student's  Text-Book  on  Surveying, 

PRACTICAL  SURVEYING  :  A  Text-Book  for   Students  pre- 
paring  for  Examination  or  for  Survey. work  in  the  Colonies.    By  George 
W.  UsiLL,  A.M.I. C.E.,  Anthor  of  "The  Statistics  of  the  Water  Supply  of 
Great  Britain."  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions.   Secood  Edition,  Revised.    Crown  8vo,  7s.  6d.  cloth. 
"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses   and  modes  of 
employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsm^.n,  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  inexperience  will  find  most  serviceable." — Enghieer. 

"  The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  In  say- 
ing  that    the  student  will  find  it  a    better    guide   than  any    of  its  predecessors 

Deserves  to  be  recognised  as  the  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil 
Engineering,  and  every  gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to 
f.ave  a  copy.  "—A  rchitect. 

Survey  Practice, 

AID  TO  SURVEY  PRACTICE,  /or  Reference  in  Surveying,  Level- 

ling,  and  Setting-out ;  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea. 

With    Tables,    Illustrations,    and    Records.     By    Lewis    D'A.   Jackson, 

A.M.I.C  E.     Author   of  •' Hydraulic  Manual,"   "Modern  Metrology,"    &c. 

Second  Edition,  Enlarged.    Large  crown  8vo,  12s.  6d.  cloth. 

"Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.  We  can  recommend 
tl.is  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."— 
Athenaum. 

"  As  a  text-booic  we  should  advise  all  surveyors  to  place  it  In  their  libraries,  and  study  well  th« 
matured  instructions  afforded  in  its  pages." — Colliery  Guardian. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a  dear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  oae."—Builtier, 

Surveyiny,  Land  and  Marine, 

LA  ND  A  ND  MA  RINE  S UR  V EYING ,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways ;  Canals,  Rivers,  Towns'  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Haskoll,  C.E.,  Author  of  "  Bridge  and  Viaduct  Con- 
struction.*' &r  Second  Edition,  Revised,  with  Additions.  Large  cr.Svo,  9$.  cl. 
"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a  careful  study." — Mechanical  IVorld. 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student.  We  can  strongly  recommend 
5t  as  a  carefuUv-written  and  valuable  text-book.  It  enjoys  a  well-deserved  repute  among  surveyors." 
—Builder. 

"  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors."— Mining^  yournal. 

Field-Book,  for  Engineers, 

THb  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRA  CTOR  'S  FIELD-BOOK.  Consisting  of  a  Series  of  Tables,  with  Rules, 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only  ;  Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  Datum,  and  Plotting  Sections  in  the  ordinary  manner ;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets ;  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inches  in 
depth  By  W  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.    Crown  8vo,  12s.  cloth. 

"The  book  is  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  will  make 

it  useful  for  nianv  other  purposes,  the  genuine  traverse  tables  existing  aU  the  same." — Athenaum. 

"  Every  person  engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a 

work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 

prepared  with  the  accuracy  and  fulness  of  those  given  in  this  yolnme,"— Railway  News. 

Levelling » 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads ;  with  Mr.  Telford's  Rules  for  the 
same.  By  Frederick  W.Simms.F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Trautwine's  Field  Practice  of  Laying-out  Circular  Curves.  With  7  Plates 
and  numerous  Woodcuts.  8vo,  8s.  6d.  cloth.  *#*  Trautwine  on  Curves 
may  be  had  separate,  5s. 

"  The  text-b'iok  on  levelling  in  most  of  our  engineering  schools  and  colleges."— £«^:««n 
"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  •wQi\i."—Engineeri7t£, 
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Trigonometrical  Surveying, 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plans,  Military  Reconnaissance,  Levelling,  &c,,  with 
Useful  Problems,  Formulae,  and  Tables.  By  Lieut.-General  Frome,  R.E. 
Fourth  Edition,  Revised  and  partly  Re- written  by  Major  General  Sir  Charles- 
Warren,  G.C.M.G.,  R.E.  With  19  Plates  and  115  Woodcuts.  Royal  8vo,  i6s. 
cloth. 

"The  simple  fact  that  a  fourth  edition  has  been  called  for  Is  the  best  testimony  to  Its  merits. 
No  words  of  praise  from  us  can  strengthenUie  position  so  well  and  so  steadily  maintained  by  thia 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary 
to  bring  every  portion  of  the  contents  up  to  the  present  date."— Broad  Arrow. 

Field  Fortification, 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macaulay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich. Sixth  Edition.  Crown  8vo,  with  separate  Atlas  of  12  Plates,  i«.  cloth- 

Tunnelling, 

PR  A  CTICAL  TUNNELLING.  Explaining  in  detail  the  Setting, 
cut  of  the  works.  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-Excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  of  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S., 
M.Inst.C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kinnear  Clark, 
M.Inst.  C.E.  Imperial  8vo,  with  ai  Folding  Plates  and  numerous  Wood 
Engravings,  30s.  cloth. 

The  estimation  in  which  Mr.  Slmms's  book  on  tunnelling  has  been  held  for  over  thirty  years 
cannot  be  moretruly  expressed  than  in  the  words  of  the  late  Prof.  Rankine: — '  The  best  source  of  in- 
formation on  the  subject  of  tunnels  is  Mr.F.W.Simms's  work  on  Practical  Tunnelling.'  "—Architect, 
"  It  has  been  regarded  from  the  first  as  a  text-book  of  the  subject.  .  .  .  Mr.  Clark  has  adde(3 
immensely  to  the  value  ol  the  hook."— EH£-iHeer, 

Tramways  and  their  Working, 

TRAMWAYS  :  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Compressed  Air,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of  Roll- 
ing Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New  Edition, 
Thoroughly  Revised,  and  Including  the  Progress  recently  made  in  Tramway 
Construction,  &c.  &c.  By  D.  Kinnear  Clark,  M.Inst.C.E.  With  numerous 
Illustrations.     In  One  Volume,  8vo.  lln  preparation, 

"  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 

work  '  Railway  Machinery.'"— £«^i;?e^r. 

"An  exhaustive  and  practical  work  on  tramways,  In  which  the  history  of  this  kind  of  locomo» 

lion,  and  a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found.  "— 

Building  News. 

"  The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 

are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a  tramway 

will  be  enabled  at  once  to  obtain  the  practical  information  which  will  be  of  most  service  to  him.'  — 

Athenaufn. 

Curves,  Tables  for  Setting-out, 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 
for  Setting-out  Curves  from    5  to  200  Radius.     By  Alexander  Beazeley, 
M.Inst.C.E.    Fourth  Edition.    Printed  on  48  Cards,  and  sold  in  a  cloth  box, 
waistcoat-pocket  size,  3s.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 

free  to  manipulate  the  instrument — no  small  advantage  as  regards  therapidity  of  work." — Engineer . 
"Very  handy  ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  tvhicl] 

he  puts  into  his  own  card-case,  and  leaves  the  rest  \ichmd.."—Atht}iaum. 

Eartliworh, 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic 
Yards  of  Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an 
average  of  80  feet.  By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E. 
Crown  8vo,  5s.  cloth. 

"  The  way  in  wliich  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  mgQmo\is."—Atheno!um. 


i6  CROSBY  LOCK  WOOD  S'  SON'S  CATALOGUE. 

Heat,  Expansion  by, 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 
Keily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments.   Crown  8vo,  3s.  6d.  cloth. 

Summary  of  Contents. 


Section     I.  Formulas  and  Data, 
Section   II.  Metal  Bars. 
Section  III.  Simple  Frames. 
Section  IV.  Complex    Frames    and 

Plates. 
Section   V.  Thermal  Conductivity. 


Section    VI.  Mechanical  Force  of 

Heat. 
Section  VII.  Work    of    Expansion 

AND  Contraction. 
Section  VIII.  Suspension  Bridges. 
Section     IX.  Masonry  Structures. 


"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engineer  or  archi- 
tect can  find  but  little  reliable  and  comprehensive  data  in  hooks."— Builder. 

"  Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
jsuspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Kelly's  valuable  and  handy 
exposition  of  the  geometrical  principles  involved  in  these  changes."— 5«^fwaw. 

Earthworkf  Measiirement  of, 

A   MANUAL  ON  EARTHWORK.    By  Alex.  J.  S.  Graham, 
C.E.    With  numerous  Diagrams.    Second  Edition.    i8mo,  2s.  6d.  cloth. 
"  A  great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 

estimates,  as  well  as  for  the  more  exact  calculations  required  in  the  engineer's  and  contractor's 

oSi(xs."— Artisan. 

Strains  in  Ironwork, 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.     By  F.  W.  Sheilds,  M.Inst.C.E. 
Second  Edition,  with  5  Plates.    Royal  8vo,  5$.  cloth. 
The  student  cannot  find  a  better  little  book  on  this  subject."— Eng^inetr. 

Vast  Iron  and  other  Metals,  Strength  of, 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredgold,  C.E.  Fifth 
Edition,  including  Hodgkinson's  Experimental  Researches.    8vo,  12s.  cloth. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OF 
OBLIQUE  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial ovo,  8s.  cloth. 

Girders,  Strength  of, 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimates.  By  J.  H.  Watsom 
Buck,  M.Inst.C.E.    On  a  Sheet,  zs.  6d, 
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MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  etc. 

PocTcet-BooTc  for  Naval  Architects  and  Shipbuilders, 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOK  of  Formulce,Rules,and  Tables,  and  MARINE  ENGINEER'S 
AND  SURVEYOR'S  Handy  Book  of  Reference.  By  Clement  Mackrow, 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Fifth 
Edition,  Revised  and  Enlarged  to  700  pages,  with  upwards  of  300  Illustra- 
tions.   Fcap.,  I2S.  6d.  strongly  bound  in  leather.  [Just published. 

Summary  of  Contents. 


Signs  and  Symbols,  Decimal  Frac- 
tions.—  Trigonometry.  —  Practical 
Geometry.  —  Mensuration.  —  Cen- 
tres and  Moments  of  Figures. — 
Moments  of  Inertia  and  Radii  of 
Gyration.  —  Algebraical  Expres- 
sions for  Simpson's  Rules.— Me- 
chanical Principles,  —  Centre  of 
Gravity. — Laws  of  Motion. — Dis- 
placement, Centre  of  Buoyancy. — 
Centre  of  Gravity  of  Ship's  Hull. 
—Stability  Curves  and  Metacen- 
tres. — Sea  and  Shallow-water 
Waves.— Rolling  of  Ships.— Pro- 
pulsion and  Resistance  of  Vessels. 
—Speed  Trials.— Sailing,  Centre 
of  Effort. —Distances  down  Rivers, 
Coast  Lines. — Steering  and  Rud- 
ders of  Vessels.— Launching  Cal- 
culations and  Velocities.— Weight 
of  Material  and  Gear.— Gun  Par- 
ticulars AND  Weight. — Standard 
Gauges. — Riveted  Joints  and  Rivet- 
ing.—Strength  AND  Tests  of  Mate- 
rials. —  Binding  and  Shearing 
Stresses,  ETC. — Strength  of  Shaft- 
ing, Pillars,  Wheels,  etc.  —  Hy- 
draulic Data,  etc.— Conic  Sections, 
Catenarian  Curves.— Mechanical 
Powers,  Work. —  Board  of  Trade 
Regulations  for  Boilers  and  En- 
gines. —  Board  of  Trade  Regula- 


for  Boilers.— Lloyd's  Weight  of 
Chains.— Lloyd's  Scantlings  for 
Ships.— Data  of  Engines  and  Ves- 
sels.-Ships'  Fittings  and  Tests. — 
Seasoning  Preserving  Timber.— 
Measurement  of  Timber. — Alloys, 
Paints,  Varnishes.  —  Data  for 
Stowage.  —  Admiralty  Transport 
Regulations.  —  Rules  for  Horse- 
power, Screw  Propellers,  etc. — 
Percentages  for  Butt  Straps,  etc. 
— Particulars  of  Yachts.—  Masting 
and  Rigging  Vessels.— Distances 
of  Foreign  Ports.  —  Tonnage 
Tables.  —  Vocabulary  of  French 
AND  English  Terms.  —  English 
Weights  and  Measures. — Foreign 
Weights  and  Measures. — Decimal 
Equivalents,  —  Foreign  Money. — 
Discount  and  Wage  Tables.— Use- 
ful Numbers  and  Ready  Reckoners 
— Tables  of  Circular  Measures. — 
Tables  of  Areas  of  and  Circum- 
ferences of  Circles. — Tables  of 
Areas  of  Segments  of  Circles.— 
Tables  of  Squares  and  Cubes  and 
Roots  of  Numbers.  —  Tables  of 
Logarithms  of  Numbers.— Tables 
of  HyperbolicLogarithms.— Tables 
OF  Natural  Sines,  Tangents,  etc. — 
Tables  of  Logarithmic  Sines, 
Tangents,  etc. 


TioNs  for    Ships.— Lloyd's    Rules 

"  In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains  a 
vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  or  seaman, 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  work."— Nan  Heal  Magazine. 

"Should  be  used  by  all  who  are  engaged  in  the  construction  or  designs  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  ioxm."— Engineer. 

"  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  rehable  data  for 
solving  mciny  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work."— /ro«. 

Marine  Engineering, 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 
on).  By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with 
considerable  Additions  by  the  Author  and  by  George  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool,  lamo,  5s.  cloth  boards. 
"  Well  adapted  to  give  the  young  steamship  engineer  or  marine  engine  and  boiler  maker  a 
general  Introduction  into  his  practical  wnxk."— Mechanical  IVerld. 

' '  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  future 
as  it  has  been  in  the  past,  as,  for  its  size,  it  contains  more  useful  information  than  any  similar 
*•"•'*■""  " ^Industries. 


Electric  Lighting  of  Ships, 

ELECTRIC  SHIP-LIGHTING.      By  J.  W.  Urquhart,  C.E. 
Crown  8vo,  ys.  6d.  cloth.    For  full  description,  see  p.  24 
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Pocket- Boole  for  Marine  Engineers. 

A    POCKET-BOOK   OF    USEFUL    TABLES    AND    FOR. 
MULM  FOR   MARINE  ENGINEERS.     By  Frank  Proctor,  A.I.N.A. 
Third  Edition,    Royal  32mo,  leather,  gilt  edges,  with  strap,  4s. 
"We  recommend  it  to  our  readers  as  going  far  to  supply  a  lonCT-felt  w^nW—JVaval  Science. 
"A  most  useful  companion  to  all  marine  eagimets."—Uuiied  Service  Gazette. 

Introduction  to  Marine  Engineering, 

ELEMENTARY  ENGINEERING  :  A  Mamial  for  Young  Marine 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  ot 
Marine  Engines  and  Boilers,  Geometry,  &c.  &c.  With  an  Appendix  of  Useful 
Tables.  By  John  Sherren  Brewer,  Government  Marine  Surveyor,  Hong- 
kong. Second  Edition,  Revised.  Small  crown  Svo,  2s.  cloth. 
"  Contains  much  valuable  information  for  the  class  for  whom  it  is  intended,  especially  in  the 

chapters  on  the  management  of  boilers  and  engmas."— Nautical  Magazine. 
''  A  useful  introduction  to  the  more  elaborate  text-books." — Scotsman. 
"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowledge,  Mr. 

Brewer  offers  decidedly  useful  help." — Atheiueuni, 

Navigation, 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor's 
Sea-Book,  by  James  Greenwood  and  W,  H.  Rosser;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems, 
by  Henry  Law,  C.E.,  and  Professor  J.  R.  Yoi;ng,  Illustrated.  12010,75, 
strongly  half-bound. 

Drawing  for  3Iaritie  Engineers. 

LOCKIE'S  MARINE  ENGINEER'S  DRAWING -BOOK. 
Adapted  to  the  Requirements  of  the  Board  of  Trade  Examinations.  By 
John  Lockie,  C.E.  With  22  Plates,  Drawn  to  Scale.  Royal  Svo,  3s.  6a. 
cloth.  [Just  published. 

"  The  student  who  learns  from  these  drawings  will  have  nothing  to  unlearn."— £«ia«^^7-. 
"The  examples  chosen  are  essentially  practical,  and  are  such  as  should  prove  of  service  to 
engineers  generally,  while  admirably  fulfUImg  their  specific  purpose."— J/ir<rAa«i<ra/  World. 

Sailniaking, 

THE  ART  AND  SCIENCE  OF  SAILMAKING.   By  Samuel 

B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of  Messrs.  Ratsey 

and  Lapthorne,  of  Cowes  and  Gosport.    With  Plates  and  other  Illustrations. 

Small  4to,  12s.  6rf.  cloth.  [Just  published. 

Summary  of  Contents. 
Chap.  I.  The  Materials  used  and  1  —VI.  On  Allowances.— VII.  Calcu- 
their  Relation  to  Sails.— II.  On  '  lation  of  Gores.— VIII.  On  Cutting 
the  Centre  of  Effort.— III.  On  i  Out.— IX.  On  Roping.— X.  On  Dia- 
Measuring.— IV.  On  Drawing.— V.  gonal-Cut  Sails.— XI.  Concluding 
On  the  Number  of  Cloths  required.   |     Remarks. 

"  This  work  is  very  ably  written,  and  is  illustrated  by  diagrams  and  carefully- worked  calcula- 
tions. The  work  should  be  in  the  hands  of  every  sailmaker,  whether  employer  or  employed,  as  it 
cannot  fail  to  assist  them  in  the  pursuit  of  their  important  ^i.^ocdiWows.'— Isle  of  Wight  Herald. 

"  This  extremely  practicil  work  gives  a  complete  education  in  all  the  branches  of  the  manu- 
facture, cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  will  form  a  first- 
rate  text-book  and  g\x\A<i."— Portsmouth  Times. 

"  The  au:hor  of  this  work  has  rendered  a  distinct  service  to  all  interested  in  the  art  of  sail- 
making.  The  subject  of  which  he  treats  is  a  congenial  one.  Mr.  Sadler  is  a  practical  sailmaker, 
and  has  devoted  years  of  careful  observation  and  study  to  the  subject ;  and  the  results  of  the 
experience  thus  gained  he  has  set  forth  in  the  volume  before  us." — Steamship. 

Chain  Cables, 

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing, 
List  of  Manufacturers  of  Cables,  &c.  &c.  By  Thomas  W,  Traill,  F.E.R.N., 
M.Inst. C.E. ,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  oi 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  as.  cloth, 
bevelled  boards. 

"  It  contains  a  vast  amount  of  valuable  Information.  Notlilng  seems  to  be  wanting  to  make  It 
a  complete  and  standard  work  of  reference  ca  the  subject."— :Va.'<.';"o»/  Ma^asiitu. 
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Metalliferous  Mining  in  the  United  Kingdom, 

BRITISH  MINING  :  A  Treatise  on  the  Htswry.Dtsouvery,  Practical 
Development,  and  Future  Prospects  of  Metalli/erotn  Mines  m  the  United  King- 
dom. By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records ;  Editor  of 
"  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,"  &c.  Upwards  of  950 
pp.,  with  230  Illustrations,  Second  Edition,  Revised.  Super-royal  8vo, 
£2  2S.  cloth. 

"One  ot  the  most  valuable  works  of  reference  of  modem  times.  Mr.  Hunt,  as  keeper  of  mining 
records  of  the  United  King^dom,  has  had  opportunities  for  such  a  teisk  not  enjoyed  by  anyone  else, 
and  hjis  evidently  made  the  most  of  them.  .  .  .  The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific." — Etigmeering'- 

"The  book  is,  in  fact,  a  treasure-house  of  statistical  information  on  minine  subjects,  and  we 
know  of  no  other  work  embodying  so  great  a  mass  of  matter  of  ihis  kind.  Were  this  the  only 
merit  of  Mr.  Hunt  s  volume,  it  would  be  sufficient  to  render  it  indispensable  in  the  library  of 
everyone  interested  in  the  development  of  the  mining  and  metallurgical  industries  of  this  country.' 
— Atheiiaum. 

"A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  our  great  mineral  industries."— i!';z^Vjeer. 

Metallit'erous  Minerals  and  Mining, 

A  TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  "A 
Treatise  on  Slate  and  Slate  Quarrying."  Fifth  Edition,  thoroughly  Revised 
and  much  Enlarged,  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.  With  about 
150  Illustrations.    Crown  8vo,  12s.  6rf.  cloth.  [Just  published. 

"Neither  the  practical  miner  nor  the  general  reader  interested  in  mines  can  have  a  better  book 

for  his  companion  and  his  guide." — Mining  yournal,  \_Mini>i£^  PVorld. 

"We  are  doing  our  readers  a  service  in  calling  their  attention  to  this  valuable  work."— 
"  A  book  that  will  iiot  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist 

but  also  very  interesting  to  the  general  public."— /ro;z. 

"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value, 

Rnd  it  supplies  an  actual  viaM."—Athenaum.  

Earthy  Minerals  and  Mining, 

A  TREATISE  ON  EARTHY  ,&-  OTHER  MINERALS  AND 
MINING.  By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals," 
&c.  Third  Edition.  Revised  and  Enlarged,  by  his  Son,  E.  Henry  Davies, 
M.E.,  F.G.S.  With  about  100  Illusts.  Cr.  8vo,  12s.  6d.  cl.  IJust  published. 
"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 

♦he  same  amount  of  information  packed  in  equedly  convenient  form." — Acadetny. 

"  We  should  be  inclined  to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades 

manuals  which  have  recently  appeared." — British  Quarterly  Review. 

Mining  Machinery, 

MACHINERY  FOR  METALLIFEROUS  MINES,  including 
Motive  Power,  Haulage,  Transport,''and  Electricity  as  applied  to  Mining. 
By  E.  Henry  Davies,  M.E.,  F.G.S.,  &c.  &c.  [/»  preparation. 

Underground  Bumping  Machinery, 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  of  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  merits  compared  with  other  forms  of  Pumping  Machinery.  By  Stephen 
MicHELL.  8vo,  15s.  cloth. 
"Will  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers,  and  students 

generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.    It 

is  a  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery."— 

Colliery  Guardian. 

"  Much  valuable  information  Is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive 

circulation  amongst  practical  men  and  purcliasers  of  machinery.'— >J/»,-tj;j^  'Journal, 

Mining  Tools, 

A   MANUAL  OF  MINING  TOOLS.     For  the  Use  of  Mine 
Managers,  Agents,  Students,  &c.    By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.    i2mo,  2s.  6d.  cloth  limp. 
ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above,  contain- 
ing  235  Illustrations  of  Mining  Tools,  drawn  to  scale.    4to,  4s.  6d.  cloth. 

"  Students  in  the  science  of  mining,  and  overmen,  captains,  managers,  and  viewers  may  gain 
practical  knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans'  manual."— C<7//tV>:y  Guardian 

"A  valuable  work,  which  will  tend  materially  to  improve  our  mining:  literature."— ^»«t«p' 
journal. 
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Prospecting  for  Gold  and  other  Metals, 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 
By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New 
Caledonia."  Fifth  Edition,  thoroughly  Revised  and  Enlarged.  Small 
crown  8vo,  3s.  6d.  cloth. 

"Will  supply  a  much  felt  want,  especially  among  Colonists,  In  whose  way  are  so  often  thrown 
many  mineral ogical  specimens  the  value  of  which  it  is  difficult  to  determme."—Ji»^inecr, 

"How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leading  points  to  which  attention  is  directed.  The  author  has  managed  to  pack  as  much  practical 
detail  mto  his  pages  as  would  supply  ma  terial  for  a  book  three  times  its  size.  '—Minin£^  yournal. 

Mining  Notes  and  Formtilce, 

NOTES  AND  FORMULAE  FOR  MINING  STUDENTS.    By 

iOHN  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of 
lining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.    Third 

Edition,  Revised  and  Enlarged.     Small  crown  8vo,  2s.  6d.  cloth. 

"  Invaluable  to  anyone  who  is  working  up  for  an  examination  on  mining  subjects."— /r^«  and 
Coal  Trades  Review. 

"  The  author  has  done  his  work  In  an  exceedingly  creditable  manner,  and  has  produced  a  book 
that  will  be  of  seriMce  to  students,  and  those  who  are  practically  engaged  in  mining  operations.'' — 
Engineer. 

"  A  vast  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  consider- 
able interest  to  students." — Schoolmaster. 

Miners'  and  Metallurgists'  PocJcet-BooTc. 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS, 
Comprising  Rules,  Formulae,  Tables,  and  Notes,  for  Use  in  Field  and  Office 
Work.  By  F.  Danvers  Power,  F.G.S.,  M.E.  Fcap.  8vo,  gs.  leather,  gilt 
edges.  '\Just  published. 

"  The  book  seems  to  contain  an  immense  amount  of  useful  information  in  a  small  space,  and  no 

doubt  will  prove  to  be  a  valuable  and  handy  book  for  mining  engineers." — CLE  NEVE  FOSTER,  Esq. 
"  Miners  and  metallurgists  will  find  in  this  work  a  useful  vade-menim  containing  a  mass  of 

rules,  formulae,  tables,  and  various  other  information,  the  necessity  for  reference  to  which  occurs  ir» 

their  daily  duties."— /w«. 

"  A  marvellous  compendium  which  every  miner  who  desires  to  do  work  rapidly  and  well  should 

hasten  to  buy." — Redruth  Tiynes. 

"Mr.  Power  has  succeeded  in  producing  a  pocket-book  which  certainly  deserves  to  become 

the  engineer's  vade-tnecum." — Mechatiical  IVorld. 

Mineral  Surveying  and  Valuing. 

THE  M  IN  ERA  L  SURVE  YOR  AND  VAL  UER  'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wm.  Lintsrn, 
Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendix  on  "  Magnetic 
and  Angular  Surveying,"  with  Records  of  the  Peculiarities  of  Needle  Dis- 
turbances. With  Four  Plates  of  Diagrams,  Plans,  &c.  i2mo,  4s.  cloth. 
"  Mr.  Lintera's  book  forms  a  valuable  and  thoroughly  trustworthy  guide."— /ron  and  Coat 
Trades  Review. 

"  This  new  edition  must  be  of  the  highest  value  to  colliery  surveyors,  proprietors,  and  mana- 
gers."—Cc^/Zie^y  Guardian. 

Asbestos  and  its  Uses. 

ASBESTOS :  Its  Properties,  Occunence,  and  Uses.      With  some 
Account  of  the  Mines  of  Italy  and  Canada.    By  Robert  H.  Jones.    With 
Eight  Collotype  Plates  and  other  Illustrations.    Crown  8vo,  12s,  6d,  cloth. 
"An  interesting  and  invaluable  work." — Colliery  Guardian. 
"  A  valuable  addition  to  the  architect's  and  engineer's  \ibxaxy. "—BuilSing  News. 

Explosives, 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun- 
Cotton,  Nitro-Glycerine,  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eissler,  Mining  Engineer  and 
Metallurgical  Chemist,  Author  of  "  The  Metallurgy  of  Gold,"  "  The  Metal- 
lurgy of  Silver,"  &c.  With  about  100  Illusts.  Crown  8vo,  los.  6d.  cloth. 
"Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 

use  of  explosives  generally  may  at  any  time  become  a  necessary  auxiliary."— JVatu re. 

"  A  veritable  mine  of  information  on  the  subject  of  explosives  employed  for  military,  mining 

and  blasting  purposes."— ylrrny  and  Navy  Gazette. 

"  The  book  is  clearly  written.    Taken  as  a  whole,  we  consider  it  an  excellent  little  book  and 

one  that  should  be  found  of  great  service  to  miners  and  others  who  are  engaged  in  work  requiring 

the  use  of  explosives."— .<4/A*«««w. 
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Colliery  Manage nienU 

THE  COLLIERY  MANAGER'S  HANDBOOK:  A  Compre- 
hensive Treatise  on  the  Laying-out  and  Working  of  Collieries,  Designed  as 
a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal-Mining 
Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely,  Mining 
Engineer  and  Surveyor ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ;  and  Member  of  the  South  Wales  Insti- 
tute of  Mining  Engineers.  With  nearly  500  Plans,  Diagrams,  and  other 
Illustrations.  Medium  8vo,  about  600  pages.  Price  £1  5s.  strongly  bound. 
Summary  of  Contents. 

THE  Friction  of   Air   in    Mines.— 
Surveying  and   Planning. — Safety 


Geology.  —  Search  for  Coal.— 
Shaft  Sinking.  —  Fitting  Up  the 
Shaft  and  Surface  Arrangements. 
— Steam  Boilers  and  their  Fit- 
tings.— Timbering  and  Walling.— 
Narrow  Work  and  Methods  of 
Working.— Underground  Convey- 
ance.— Drainage. — The  Gases  met 
WITH  IN  Mines;  Ventilation. — On 


Lamps  and  Fire-Damp  Detectors. — 
Sundry  and  Incidental  Operations 
and  Appliances.  —  Miscellaneous 
Questions  and  Answers. 

Appendix:  Summary  of  Report  of 
H.M.  Commissioners  on  Accidents 
in  Mines. 


*^:*  Opinions  of  the  Press. 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order, 
suitable  to  the  requirements  of  mining  engineers  and  colliery  managers,  but  at  the  same  time  has 
provided  mining  students  with  a  class-book  thit  is  as  interesting  as  it  is  instructive." — Colliery 
Manager. 

"  Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  for  which  it  is  intended— being  clear, 
intaresting,  exhaustive,  rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  very  latest 
machines  m  every  department.  ...  A  mining  engineer  could  scarcely  go  wrong  who  followed 
this  work." — Colliery  Guardian. 

"This  is  the  most  complete  'all  round'  work  on  coal-mining  published  in  the  English 
language.  .  .  .  No  library  of  coal-mining  books  is  complete  without  it." — Colliery  Engineer 
(Scranton,  Pa.,  U.S.A.). 

"  Mr.  Pamely's  work  is  in  all  respects  worthy  of  our  admiration.  No  person  in  any  responsible 
position  connected  with  mines  should  be  without  a  zo'py. "—H^estminster  Review. 

Coal  and  Iron, 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE   UNITED 

KINGDOM.  Comprising  a  Description  of  the  Coal  Fields,  and  of  the 
Principal  Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribu- 
tion, and  Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence 
of  Iron  Ores  in  Veins  or  Seams ;  Analyses  of  each  Variety ;  and  a  History  ol 
the  Rise  and  Progress  of  Pig  Iron  Manufacture.  By  Richard  Meade,  Assistant 
Keeper  of  Mining  Records.  With  Maps.  8vo,  £1  8s.  cloth. 
"  The  book  is  one  which  must  find  a  place  on  the  shelves  of  all  Interested  In  cocil  and  Iron 

production,  and  in  the  iron,  steel,  and  other  metallurgical  indnstiies."— Engineer. 

*'  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met. 

...    A  book  of  reference  which  no  one  engaged  in  the  iron  or  cojil  trades  should  omit  from  his 

lihraxy."— Iron  and  Coal  Trades  Review. 

Coal  Mining, 

COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on.     By 

the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 

Mines  of  the  Crown.     Seventh   Edition,  Revised    and   Enlarged.     With 

numerous   Illustrations.     lamo,  4s.  cloth  boards. 

"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 
principal  methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers."— 
Mining  Journal. 

Subterraneous  Surveying. 

SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  'w'nh  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.   lUust.  lamo,  3s.  cloth  boards. 

Granite  Quarrying, 

GRANITES  AND  OUR  GRANITE  INDUSTRIES.  By 
George  F.  Harris,  F.G.S.,  Membre  de  la  Societe  Beige  de  Geologie,  Lec- 
turer on  Economic  Geology  at  the  Birkbeck  Institution,  &c.  With  Illustra- 
tions.   Crown  Svo,  2s.  6d.  cloth. 

"  A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry." 
■~%cots7nan. 

"  An  interesting  work,  which  will  be  deservedly  esteemed."— C(?//iV»-y  Guardian. 
"  An  exceedingly  interesting  and  valuable  monograph  on  a  subject  which  has  hitherto  received 
unaccountably  little  attention  in  the  shape  of  systematic  literary  treatment."— 5r^;/wA  LeaJer. 
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Gold,  Metallurgy  of, 

THE  METALLURGY  OF  GOLD  :  A  Practical  Treatise  on  the 

Metallurgical  Treatment  of  Gold-bearing  Ores.    Including  the  Processes  of 

Concentration  and  Chlorination,  and  the  Assaying,  Melting,  and  Refining  of 

Gold.  By  M.  Eissler,  Mining  Engineer  and  Metallurgical  Chemist,  formerly 

Assistant  Assayer  ot  the  U.  S.  Mint,  San  Francisco.  Third  Edition,  Revised 

and  greatly  Enlarged.    With  187  Illustrations.    Crown  8vo,  125.  6d.  cloth. 

"  This  book  thoroughly  deserves  its  title  of  a  '  Practical  Treatise.'    The  whole  process  of  gold 

milling,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and 

orderly  narrative  and  with  much,  but  not  too  much,  fulness  of  detail." — Saturday  Review. 

"  The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  U  to 
all  professional  men  engaged  in  the  gold-mining  industry."— ^j'mzw^  Journal. 

Silver,  Metallurgy  of, 

THE  METALLURGY  OF  SILVER  :  A  Practical  Treatise  on 
the  Amalgamation,  Roasting,  and  Lixiviation  of  Silver  Ores.  Including  the 
Assaying,  Melting  and  Refining,  of  Silver  Bullion.  By  M.  Eissler.  Author 
of  "The  Metallurgy  of  Gold,"  &c.  Second  Edition,  Enlarged.  With  150 
Illustrations.  Crown  8vo,  los.  Gd,  cloth. 
"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long-felt  want 

amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly  connected 

with  the  industries." — Muting  yoitrnal. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  re[\a.h\e."— Colliery  Guardian. 

"  For  chemists,  practical  mmers,  assayers,  and  investors  alike,  we  do  not  know  of  any  work 

on  the  subject  so  handy  and  yet  so  comprehensive."— G/aj;£-j>a/  Herald. 

Lead,  Metallurgy  of, 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  A 
Practical  Treatise  on  the  Smelting  ot  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and 
America.  By  M.  Eissler,  M.E.,  Author  of  "The  Metallurgy  of  Gold,"  &c. 
Crown  Svo,  400  pp.,  with  183  Illustrations,  12s.  6d.  cloth. 

"  This  is  a  very  good  hook."— Colliery  Guardian. 

"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 
all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue 
from  the  refinery  as  a"  article  o{ Qommcicc."— Practical  Evg'ineer. 

"  The  present  volume  fully  maintains  the  reputation  of  the  author.  Those  who  wish  to  obtain 
a  thorough  insight  into  the  present  state  of  this  industry  cannot  do  better  than  read  this  volume, 
and  all  mining  engineers  cannot  fail  to  find  many  useful  hints  and  suggestions  in  it."— Industries. 

"  It  is  most  carefully  written  and  illustrated  with  capital  drawings  and  diagrams.  In  fact,  it  is 
the  work  of  an  expert  for  experts,  by  whom  it  will  be  prized  as  an  indispensable  text-book."— 
Bristol  Mercury. 

Iron,  Metallurgy  of, 

METALLURGY  OF  IRON.  ContainingHistory  of  Iron  Manu- 
facture, Methods  of  Acsay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.  A.R.S.M.  With 
numerous  Illustrations.  Sixth  Edition,  Revised  and  Enlarged.  i2mo, 
5s.  6d,  cloth. 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points, 
while  all  material  matters  are  very  fully  and  thoroughly  entered  into. ' — Standard. 

Iron  Mining, 

THE  IRON  ORES  OF  GREAT  BRITAIN  AND  IRELAND  : 
Their  Mode  of  Occurrence,  Age,  and  Origin,  and  the  Methods  of  Searching 
for  and  Working  them,  with  a  Notice  of  some  of  the  Iron  Ores  of  Spain. 
By  J.  D.  Kendall,  F.G.S.,  M.E.    Crown  Svo,  with  Illusts.,  i6s.  cloth. 

[Nearly  ready. 
Summary  of  Contents. 


The  Early  Working  of  Ikon  Ore. 
—The  Haematite  Deposits  of  West 
Cumberland  and  Furness.  —  The 
Iron  Ores  of  Cornwall,  Devon, 
and  West  Somerset. — The  Limon- 
iTE  OF  the  Forest  of  Dean  and 
South  Wales.— The  Siderite  and 
Limonite  of  Alston  and  Weardale. 
The  Argillaceous  Ironstones  of 
the  Carboniferous    Rocks.  —  The 


Iron  Ores  of  the  Secondary  Rocks, 
—The  Iron  Ores  of  Antrim.— Some 
of  the  Iron  Ores  of  Spain.— The 
Age  and  Origin  of  Iron  Ore  De- 
posits.— Searching  for  and  Work- 
ing Iron  Ores. — Working  Costs  and 
Selling  Prices.— Rents,  Royalties, 
Way-leaves,  &c.  —  Epitomes  of 
Leases,  &c.  &c. 
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ELECTRICITY,  ELECTRICAL  ENGINEERING,  etc. 

Electrical  Engineering. 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  OF 
MODERN  RULES,  FORMULA,  TABLES,  AND  DATA.  By  H.  R. 
Kempe,  M.Inst.E.E.,  A.M. Inst.C.E.,  Technical  Officer,  Postal  Telegraphs, 
Author  of  "A  HandbooH  of  Electrical  Testing,"  &c.  Second  Edition, 
thoroughly  Revised,  with  Additions.  With  numerous  Illustrations.  Royal 
32mo,  oblong,  5s.  leather.  [J«s^  published. 

'•  There  is  very  little  in  the  shape  of  formulc-e  or  data  which  the  electrician  is  likely  to  want 
In  a  hutry  which  cannot  be  found  in  its  pages." — Practical  E7tgiiteer. 

"A  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its 
various  applications  to  the  industries  of  the  present  day."— Iron. 
"  It  is  the  best  book  of  its  kind." — FJectriral  Engineer. 

"Well  arranged  and  compact.    The  '  Electrical  Engineer's  Pocket- Book  '  is  a  good  one."— 
Electri.ian. 

"  Strongly  recommended  to  those  engaged  in  the  various  electrical  'mdustnes."—E/eciricai 
Kez'iczi.: 

Electric  Lighting, 

ELECTRIC  LIGHT  FITTING  :   A  Handbook   for  Working 
Electrical  Engineers,  embodying  Practical  Notes  on  Installation  Manage- 
ment.  By  John  W.  Urquhart,  Electrician,  Author  of  "  Electric  Light,"  &c. 
With  numerous  Illustrations.    Crown  8vo,  5s.  cloth. 
"  This  volume  deals  with  what  may  be  termed  the  mechanics  of  electric    lighting,  and  is 

addressed  to  m  n  who  are  already  engaged  in  the  work  or  are  training  for  it.    The  work  traverses 

a  great  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 

Light.' " — Electrician. 

"  This  is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  should  be  adopted 

in  installing  the  electric  light,  and  to  give  information,  for  the  guidance  of  those  who  have  to  run 

the  plant  when  installed.     The  book  is  well  worth  the  perusal  of  the  workmen  for  whom  it  is 

yfiilt&n."— Electrical  Revieiv. 

"  We  have  read  this  book  with  a  good  deal  of  pleasure.    We  believe  that  the  book  will  bo  of 

use  to  practical  workmen,  who  will  not  be  alarmed  by  finding  mathematical  formulae  whica  they 

are  unable  to  understand." — Electrical  Plant. 

"  Eminently  practical  and  useful.    .         .    Ought  to  be  in  the  hands  of  everyone  in  charge  of 

an  electric  light  plant." — Electrical  E.ngineer. 

"Altogether  Mr.  Urquhart  has  succeeded  in  producing  a  really  capital  book,  which  we  have 

no  hesitation  in  recommending  to  the  notice  of  working  electricians  and  electrical  engineers.'  — 

Mechanical  World. 

Electric  Light, 

ELECTRIC  LIGHT  :  Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries, 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  of 
"  Electric  Light  Fitting,"  "  Electroplatiig,"  &c.  Fifth  Edition,  carefully 
Revised, with  Large  Additions  amd  145  Illustrations.  Crown  8vo,  ys.  6J.  clotb. 

[Just  published. 
"  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  manner."— Electrical  Re-vie'w. 

"Contains  a  good  deal  of  very  interest-iig  information,  especially  in  the  parts  where  the 
author  gives  dimensions  and  working  costs." — Electrical  Engineer. 

"  A  miniature  vade-mecum  of  the  salient  facts  connected  with  the  science  of  electric  light- 
ing."— Electrician. 

"You  cannot  for  your  purpose  have  a  better  book  than  'Electric  Light,' by  Urquhart."— 
E>i^  ineer. 

"  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  suhjecV—Atheneeum. 

Construction  of  Dynamos, 

DYNAMO  CONSTRUCTION  :  A  Practical  Handbook  for  the  Use 
of  Engineer  Constructors  and  Electricians-ir.-Charge.  Embracing  Frame- 
work Building,  F'eld  Magnet  and  Armature  Winding  and  Grouping,  Com- 
pounding &c.  With  Examples  of  leading  English,  American,  and  Conti- 
nental Dynamos  and  Motors.  By  J.  W.  Urquhart,  Author  of  "Electric 
Light,"  "  Electric  Light  Fitting,"  &c.  With  upwards  of  100  Illustrations. 
Crown  8vo,  ys.  6d.  cloth.  IJust  published. 

"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  such  a  way  that  the 

engmeering  student  can  understand  them.    The  book  is  very  readable,  and  the  author  leads  his 

readers  up  to  difficult  subjects  by  reasonably  simple  tesis."— Engineering  Revie-w. 

"  The  author  deals  with  his  subject  m  a  style  so  popular  as  to  make  his  volume  a  handbook  of 

great  practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  installations."— 

Scotsman. 

"  '  Dynamo  Construction '  more  than  sustains  the  high  character  of  the  author's  previous 

publications.     It  is  sure  to  be  widely  read  by  the  large  and  rapidly  increasing  number  of  practical 

€\ectnc\ans."—Glasg07v//erald. 

"  A  book  for  which  a  demand  has  long  exhted.'—Mec/tattical  PfWld. 
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Electric  Lighting  of  Ships, 

ELECTRIC  SHIP.LIGHTING  :  A  Handbook  on  the  Practical 

Fitting  and  Running  of  Ship's  Electrical  Plant.  For  the  Use  of  Shipowners 
and  Builders,  Marine  Electricians,  and  Sea-going  Engineers  in  Charge.  By 
J.  W.  Urquhart,  C.E.,  Author  of  "Electric  Light,"  &c.  With  numerous 
Illustrations.    Crown  8vo,  ys.  6J.  cloth.  {Just  published. 

"  Tlie  subject  of  ship  electric  lighting  is  one  of  vast  importance  in  these  days,  and  Mr.  Urqu- 
hart is  to  be  highly  complimented  for  placing  such  a  valuable  work  at  the  service  of  the  practical 
marine  electrician." — The  Steatnship. 

"  Distinctly  a  book  which  of  its  kind  stands  almost  alone,  and  for  which  there  should  be  a 
Aama^nd."— Electrical  Review. 

Electric  Lighting, 

THE  ELEMENTARY  PRINCIPLES  OF  ELECTRIC  LIGHT- 
ING.    By  Alan  A.  Campbell  Swinton,  Associate  I.E.E.    Second  Edition, 
Enlarged  and  Revised.     With  i6  Illustrations.    Crown  8vo,  is.  6d.  cloth. 
"Anyone  who  desires  a  short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  work."— Bra4fi>rd  Observer, 

Dynamic  Electricity, 

THE  ELEMENTS  OF  DYNAMIC  ELECTRICITY  AND 
MAGNETISM.  By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  "  Elements 
of  Static  Electricity,"  "  The  Elements  of  Electric  Lighting,"  &c.  &c.  Crown 
8vo,  417  pp.,  with  120  Illustrations,  los.  6d.  cloth. 

Dynamo  Construction, 

HO  W  TO  MAKE  A  DYNAMO :  A  Practical  Treatise  for  Amateurs. 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a  Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts. 
Fourth  Edition,  Revised  and  Enlarged.  Crown  Svo,  zs.  cloth.  {Just  published. 
•'The  instructions  given  m  this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 

enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  an 

amateur's  workshop,  to  build  a  practical  dynamo  md.db.m&."— Electrician. 

Text  Book  of  Electricity, 

THE  STUDENTS   TEXT-BOOK   OF   ELECTRICITY.     By 

Henry  M.  Noad,  Ph.D.,  F.R.S.     New  Edition,  carefully  Revised.      With 
Introduction  and  Additional  Chapters,  by  W.   H.  Preece,   M. I. C.E., Vice- 
President  of  Society  of  Telegraph  Engineers,  &c.    With  470  Illustrations. 
Crown  Svo,  12s.  6d.  cloth. 
"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a  good  Index, 

and  a  plethora  of  woodcuts.    Such  collections  as  the  present  are  indispensable.  '—Atkenautn. 
"  An    admirable  text-book  for  every  student  —  beginner  or  advanced  —  of  electricity."— 

Ensxneerins^. 

Electricity, 

A  MANUAL  OF  ELECTRICITY:  Including  Galvanism,  Mag- 
netism, Dia-Magnetisftt,  Electro-Dynamics,  Magno-Electricity,  and  the  Electric 
Telegraph.    By  Henry  M.  Noad,   Ph.D.,   F.R.S.,  F.C.S.    Fourth  Edition. 
With  500  Woodcuts.    Svo,  £1  4s.  cloth. 
*,^*  This  is  the  original  work  of  Dr.  Noad  (published  in  1859)  upon  which  the 

Student's  Text-Book  (see  above)  may  be  said  to  be  founded.    Very  few  copies 

of  it  are  left. 

A  New  Dictionary  of  Electricity. 

THE  STANDARD  ELECTRICAL  DICTIONARY.     A  Popu- 
lar Dictionary  of  Words  and  Terms  Used  in  the  Practice  of  Electric  Engi- 
neering.   By  T.  O'Connor  Sloane,  A.M.,  Ph.D.,  Author  of  "  The  Arithmetic 
of  Electricity,"  &c.    Cr.  Svo,  630  pp.,  350  Illusts.,  12s.  6d.  cl.  iJust  published. 
j^ote. — The  purpose  of  this  work  is  to  f  resent  the  public  with  a  concise  and 
practical  book  of  reference.    .    .     .    Each  title  or  subject  is  defined  once  in  the  text, 
and  where  a  title  is  synonymous  with  one  or  more  others  the  definition  is  given 
under  one  title,  and  the  others  appear  at  the  foot  of  the  article  as  synonyms.    The 
■work  comprises  upwards  of  3,000  definitions,  and  will  be  found  indispensable  by  all 
who  are  interested  in  electrical  science  and  desire  to  keep  abreast  with  the  progress 
of  the  times. 

An  encyclopaedia  of  electrical  science  in  the  compass  of  a  dictionary.  The  information 
given  is  so-md  and  clear.  The  book  is  well  printed,  well  illustrated,  and  well  up  to  date,  and  may 
he  .onfidentlj'  recommended." — Builder. 
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Sir  Wm,  Chambers's  Treatise  on  Civil  Architecture, 

THE  DECORATIVE  PART  OF  CIVIL   ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Revised 
and  Edited  by  W.  H.  Leeds,  with  a  Memoir  of  the  Author.  66  Plates,  4to, 
2is.  cloth. 

3l€chanics  for  Architects, 

THE  MECHANICS  OF  ARCHITECTURE  :  A  Treatise  on 
Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects.  By  E,  W. 
Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c.  Illustrated  with 
125  Diagrams.    Crown  8vo,  7s.  6d.  cloth.  IJust  published. 

Summary  of  Contents. 

Arches.  — IX.  Domes,  Spires.  — X. 
Buttresses,  Shoring,  Retaining 
Walls,  Foundations. — XI.  Effect 
OF  Wind  on  Buildings.  —  XII.  Mis- 
cellaneous Examples  and  Solu- 
tions. 


Chap.  I.  Forces  in  Equilibrium.— 
[I.  Moments  of  Forces.— III.  Centre 
OF  Gravity. —IV.  Resistance  of  Ma- 
terials to  Stress. — V.  Deflection 
OF  Beams. — VI.  Strength  of  Pil- 
lars.—VII.  Roofs,  Trusses.— VIII. 

Villa  Architectu7'e, 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE  :  Behtg  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline 
Specifications  and  Estimates.  By  C.  Wickes,  Architect,  Author  of  "The 
Spires  and  Towers  of  England,"  &c.  61  Plates,  410,  £1  11s.  6d.  half-morocco, 
fjilt  edges. 

"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and 
they  will  prove  very  valuable  and  suggestive." — BuUditi^  News, 

Text-Book  for  Architects, 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-Book  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect,  Author  of  "  Specifi- 
cations for  Practical  Architecture,"  &c.  Second  Edition,  Revised  and 
Enlarged.  With  numerous  Illustrations.  Crown  8vo,  6s.  cloth. 
"  As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c.,  it  would  be 
hard  to  find  a  handier  or  more  complete  little  volume." — Standard. 

Taylor  and  Cresy's  Home, 

THE   ARCHITECTURAL   ANTIQUITIES  OF  ROME.     By 
the  late  G.  L.Taylor,  Esq.,  F.R.I. B.A.,  and  Edward  Cresy,  Esq.    New 
Edition,  thoroughly  Revised  by  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray's  Inn.    Large  folio,  with  13c  Plates,  £s  3s.  half-bound. 
"  Taylor  and  Cresy's  work  has  from  its  hrst  publication  been  ranked  among  those  professional 
boeks  which  cannot  be  bettered.    ...    It  would  be  difficult  to  find  examples  of  drawings,  even 
among  those  of  the  most  painstaking  students  of  Gothic,  more  thorouglily  worked  out  thaa  are  the 
one  hundred  and  thirty  plates  in  this  volume."— ArcAiUci. 

Linear  Perspective, 

ARCHITECTURAL  PERSPECTIVE  :  The  whole  Course  and 
Operations  of  the  Draughtsman  in  Drawing  a  Large  House  in  Linear  Per- 
spective. Illustrated  by  39  Folding  Plates.  By  F.  O.  Ferguson.  Demy 
6vo,  3S.  6d.  boards.  ^Just  published. 

"  In  a  series  of  graphic  illustrations  of  the  actual  processes  the  author  shows  the  practical  part  of 
the  art.  It  is  all  so  easy  and  so  clear  that  a  child  could  follow  him,  and  generations  of  students  yet 
unborn  will  bless  the  name  of  Ferguson.  .  .  .  It  is  the  most  intelligible  of  the  treatises  on  this 
ill  treated  subject  that  1  have  met  with."— E.  INGRESS  BELL,  Esq.,  in  the  R.I.B.A.  Jotirnal. 

Architectural  Draiving, 

PRACTICAL  RULES  ON  DRA  WING,  for  the  Operative  Builder 
and  Young  Student  in  Architecture.  By  George  Pyne.  With  14  Plates,  4to, 
75.  6d.  boards. 

Vitruviiis'  Architecture, 

THE  ARCHITECTURE  of  MARCUS  VITRUVIUS  POLLIO. 
Translated  by  Joseph  Gwilt,  F  S.A.,  F.R.A.S.  New  Edition,  Revised  by 
the  Translator.     With  23  Plates.     Fcap.  8vo,  5s.  cloth. 
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The  New  Builder's  Price  Book,  1893. 

LOCK  WOOD'S  BUILDER'S  PRICE  BOOK  FOR  1893.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  640  closely-printed  pages, 
crown  8vo,  4s.  cloth. 

*:,=*  Opinions  of  the  Press. 

"  This  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected  with 
the  building  and  engineering  professions." — Industries. 

"This  Price  Book  has  been  set  up  in  new  type.  ,  .  .  Advantage  has  been  taken  of  the 
transformation  to  add  much  additional  information,  and  the  volume  is  now  an  excellent  book  of 
reference.  "—^  rc/t»Vfrt. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  kind  should  be— compre- 
hensive, reliable,  well  arranged,  legible,  and  well  bound."  —£ri"/»j/t  Architect. 

"  A  work  of  estauHshed  reputatioa."— A t/tenteum. 

Designing,  Measuring,  and  Valuing, 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORK.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calcula- 
tion of  Areas  and  Solidities,  Originally  edited  by  Edward  Dobson,  Architect. 
With  Additions  on  Mensuration  and  Construction,  and  a  New  Chapter  on 
Dilapidations,  Repairs,  and  Contracts,  by  E.  Wyndham  Tarn,  M.A.  Sixth 
Edition,  including  a  Complete  Form  of  a  Bill  of  Quantities.  With  8  Plates  and 
63  Woodcuts.    Crown  Svo,  7s.  6d.  cloth. 

"  Well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  It  to  the  class 
for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students."— Bn^^ineerifig. 

"  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuing  artificers'  work  that  has  yet  been  published."— 5k jVa*;/^  News. 

Pochet  Estimator  and  Technical  Guide, 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER,  AND 
ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical Directions  for  Measuring  Work  in  all  the  Building  Trades,  Complete 
Specifications  tor  Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimat- 
ing the  parts  cf  a  Building  collectively.  By  A.  C.  Beaton,  Author  of 
"Quantities  and  Measurements."  Sixth  Edition.  With  53,  Woodcuts.  Waist- 
coat-pocket size,  IS.  6d.  gilt  edges. 

"  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  *  Beaton."  '^—BttildingNetos. 
"  Contains   an   extraordinary  amount  of  information  in  daily  requisition  In  measuring  and 
estimating.    Its  presence  in  the  pocket  will  save  valuable  time  and  Uo\xh\^"— Building  World. 

Donaldson  on  Specifications, 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrated  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition.  In 
One  large  Vol.,  Svo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates, 
£1  IIS,  6d.  cloth. 

"  In  this  work  forty-four  specifications  of  executed  works  are  given,  Including  the  specifica- 
tions for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Royal 
Exchange,  by  Mr.  Tite,  M.P.  The  latter,  in  particular,  is  a  very  complete  and  remarkable 
document.  It  embodies,  to  a  great  extent,  as  Mr.  Donaldson  mentions,  'the  bill  of  quantities 
with  the  description  of  the  works.'  .  .  .  It  is  valuable  as  a  record,  and  more  valuable  still  as  a 
book  of  precedents.  .  .  .  Suffice  it  to  say  that  Donaldson's  '  Handbook  of  Specifications ' 
must  be  bought  by  all  architects." — Builder. 

Bartholomew  and  Rogers'  Specifications, 

SPECIFICATIONS   FOR  PRACTICAL    ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.    With  an  Essay 

on  the  Structure  and  Science  of  Modern  Buildings.     Upon  the  Basis  of  the 

Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 

added  to  by  Frederick  Rogers,  Architect.    Third  Edition.  Revised,  with 

Additions.    With  numerous  Illustrations.    Medium  Svo,  155.  cloth. 

"  The  coHection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew's  work 

Is  too  well  known  to  need  any  recommendation  from  us.    It  is  one  of  the  books  with  which  every 

young  architect  must  be  equipped  ;  for  time  has  shown  that  the  specifications  cannot  be  set  aside 

through  any  defect  in  th^m."— Architect. 
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Construction, 

THE  SCIENCE  OF  BUILDING  :  An  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A.,  Architect. 
Third  Edition,  Revised  and  Enlarged.  With  59  Engravings.  Fcap.  8vo,  4$.  cL 

"  A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 
"No  architectural  student  should  be  without  this  handbook  of  constructional  knowledge." 

ArchiUci. 

House  Building  and  Repairing, 

THE  HOUSE-OWNER'S  ESTIMATOR  ;  or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair?  A  Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
James  D.  Simon,  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W.  Miller, 
A,R.I.B.A.  With  numerous  Illustrations.  Fourth  Edition,  Revised.  CrowD 
8vo,  35.  6d.  cloth. 

"In  two  years  it  will  repay  Its  cost  a  hundred  times  oy&t."—FicicI. 
"  A  very  handy  book." — E7!gUsh  Me<.haitic. 

Cottages  and  Villas, 

COUNTRY  AND  SUBURBAN  COTTAGES  AND  VILLAS: 
How  to  Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction, 
General  Explanations,  and  Description  of  each  Plate.  By  James  W.  Bogub, 
Architect,  Author  of  "  Domestic  Architecture,"  &c.    4to,  los.  6d.  cloth. 

Building ;  Civil  and  Ecclesiastical, 

A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration  ;  with  the  Theory  of  Domes  and  the  Great  Pyramid,  &c» 
By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  F.R. A. S.,  Author  of  "Clocks  and 
Watches,  and  Bells,"  &c.  Second  Edition,  Enlarged.  Fcap.  8vo,  55.  cloth. 
".A  book  which  is  always  amusing  and  nearly  always  instructive.  The  style  throughout  is  i» 
the  highest  degree  condensed  and  epigrammatic"— 2"»>//«. 

Ventilation  of  Buildings, 

VENTILATION.  A  Text  Booh  to  the  Practice  of  the  Art  of 
Ventilating  Buildings.  With  a  Chapter  upon  Air  Testing.  By  W.  P.  Buchan, 
R.P.,  Sanitary  and  Ventilating  Engineer,  Author  of  "  Plumbing,"  &c.  With 
170  Illustrations.    i2mo,  4s.  cloth  boards. 

"  Contains  a  great  amount  of  useful  practical  information,  as  thoroughly  interesting  as  it  is 
technically  reliable,  and  '  Ventilation  '  forms  a  worthy  companion  volume  to  the  anthor's  excellent 
treatise  on  '  Plumbing.'  " — British  Architect. 

"  It  is  invaluable  alike  for  the  architect  and  builder,  and  should  be  in  the  hands  of  everyone 
■who  has  to  deal  in  any  way  with  the  subject  of  \exA\!i^Won."—Metropolitaft. 

The  Art  of  JPlutnbing. 

PLUMBING.  A  Text  Book  to  the  Practice  of  the  Art  or  Craft  of 
the  Plumber,  with  Supplementary  Chapters  on  House  Drainage,  embodying  the 
latest  Improvements.  By  William  Paton  Buchan,  R.P.,  Sanitary  Engineer 
and  Practical  Plumber.  Sixth  Edition,  Enlarged  to  370  pages,  and  380 
Illustrations.  i2mo,  4s.  cloth  boards. 
"A  text -book  which  may  be  safely  put  in  the  hands  of  every  young  plumber,  and  which  will 

ri'so  be  found  useful  by  architects  and  medical  x>^okssoxs."— Builder. 

"  A  valuable  text-book,  and  the  only  treatise  which  can  be  regarded  as  a  really  reliable  manua 

of  the  plumber's  art." — Building-  News. 

Geometry  for  the  Architect,  Engineer,  etc, 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic.  Giving  Rules  for  the  Delineation  and  Application  of  various 
Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  Tarn,  M.A.,  Architect, 
Author  of  "The  Science  of  Building,"  &c.  Second  Edition.  With  172  Illus- 
trations.   Demy  8vo,  gs.  cloth. 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of  the 
rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfiactory."— Scc/jwaw, 

Tlie  Science  of  Geometry, 

THE   GEOMETRY  OF   COMPASSES:  or,  Problems  Resolved 
by  the  mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and 
Symbols.    By  Oliver  Byrne,    Coloured  Plates.    Crown  8vo,  3s.  6d.  cloth. 
"  The  treatise  is  a  good  one,  and  remarkable— like  all  Mr.  Byrne's  contributions  to  the  science 
of  geometry— for  the  lucid  character  of  its  teaching."— Building-  Newr, 
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CARPENTRY,  TIMBER,  etc. 

Tredgold's  Cairpentry,  Revised  &  Enlarged  by  Tarn, 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 
A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs, 
Uniting  Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  dififerent  purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas 
Tredgold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron 
and  Stone,  Illustrated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wyndham  Tarn,  M.A.,  Author  of  "The  Science  of  Build- 
ing," &c.  With  6i  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
One  large  Vol.,  4to,  price  £i  5s,  cloth. 

"  Ought  to  be  in  every  architect's  and  every  builder's  library."— ^wi/rfer. 
"  A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  Is  con- 
cerned.   The  author's  principles  are  rather  confirmed  than  Impaired  by  time.    The  additional 
plates  are  of  great  intrinsic  vaX\x&."— Building  News, 

Woodworking  Machinery. 

WOODWORKING  MACHINERY :  Its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economi- 
cal Conversion  of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  Bale, 
A.M.Inst.C.E.,  M.I.M.E,  Large  erown  8vo,  12s.  6d.  cloth. 
"  Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  much  Information  that 

tls  book  is  all-suflScient  for  builders  and  others  engaged  in  the  conversion  of  timhex."— Architect. 
"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.    The 

cuthor  is  a  thorough  master  of  his  subject." — BuUding'  Ne^vs. 

^'  It  should  be  in  the  office  of  every  wood-working  factory." — English  Meduxnic. 

Saw  Mills, 

SA  W  MILLS  :  Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (A  Companion  Volume  to  "  Woodwork- 
ing Machinery.")  By  M.  Powis  Bale.  With  numerous  Illustrations.  Crown 
8vo,  los.  6d.  cloth. 

"  The  administration  of  a  large  sawing  establishment  is  discussed,  and  the  subiect  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw-mills  and  the 
like  are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery 
in  its  converted  state.    We  could  not  desire  a  more  complete  or  practicsil  treatise."— ^Mi/rf«r. 

"  We  highly  recommend  Mr.  Bale's  work  to  the  attention  and  perusal  of  all  those  who  are  en- 
gaged in  the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  saw-mills  oa  im- 
proved principles,"— ,5wiW»>f^  News. 

Nicholson's  Carpentrif, 

THE  CARPENTER'S  NEW  GUIDE ;  or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  Standard 
Work.  A  New  Edition,  Revised  by  Arthur  Ashpitel,  F.S.A.  Together 
with  Practical  Rules  on  Drawing,  by  George  Pyne,  With  74  PlateSi 
4to,  £1  IS.  cloth. 

Handrailing  and  Stairhuilding. 

A  PRACTICAL  TREATISE  ON  HANDRAILING  :  Showing 
New  and  Simple  Methods  tor  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath,  By  George 
CoLLiNGS.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A 
Treatise  on  Stairbuilding.  With  Plates  and  Diagrams.  i2mo,  2s.  6d. 
cloth  limp. 

' '  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery."— Builaer. 
"  Almobt  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the 
rI&  of  plates  and  explanatory  l&tteipxess."— Furniture  Gazette, 

Circular  WorJc, 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 

Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.     By 
George  Collings,  Author  of  "  A  Practical  Treatise  on  Handrailing."  Illus- 
trated with  numerous  Diagrams.    Second  Edition.    lamo,  2S.  6d.  cloth  limp. 
■"  An  excellent  example  of  what  a  book  of  this  kind  should  be.    Cheap  in  price,  clear  in  defini- 
tion and  practical  in  the  examples  selected."— i>/aVcif^r. 
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Timber  MerclianVs  Companion, 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION. Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand 
Pieces',  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  any 
given  Price  per  Petersburg  Standard  Hundred ;  the  Price  per  Cube  Foot  of 
Square  Timber  to  any  given  Price  per  Load  of  50  Feet ;  the  proportionate 
Value  of  Deals  and  Battens  by  the  Standard,  to  Square  Timber  by  the  Load 
of  50  Feet ;  the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c.  &c.  By 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo,  3s.  cl. 
"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.    There  can  be  no  doubt  thai 

every  timber  merchant  and  builder  ought  to  possess  \t."— Hull  Advertiser. 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 

simplicity  of  arrangement  leave  nothing  to  be  desiied."— Timber  Trades  yourtiai. 

£*ractical  Timber  Merchant, 

THE  PRACTICAL   TIMBER   MERCHANT.    Being  a  Guids 

for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  0/ 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 
&c.    By  W.  Richardson.    Fcap.  8vo,  3s.  6d.  cloth. 
"  This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 

builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber,"— 

yournal  of  Forestry. 

Tim,ber  Freight  BooJc, 

THE  TIMBER  MERCHANTS,  SAW  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  RuJes, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a  Chapter  en  " Speeds  of  Saw 
Mill  Machinery,"  by  M.  Powis  Bale,  M.LM.E.,  &c.  lamo,  3s.  6d.  cl.  boards, 
"A  very  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  re- 
commend it  as  a  compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supply. 
Ing  a  real  want  in  the  trade."— Building'  News. 

Packing-Case  Makers,  Tables  for. 

PACKING-CASE  TABLES ;  showing  the  number  of  Super, 
ficial  Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.    Third  Edition.     Oblong  4to,  3s.  6d.  ci, 

"  Invaluable  labour-saving  tables."— /ronmons'er. 
"Will  save  much  labour  and  calai]ation,"—Grocer. 

Superficial  Measurement. 

THE    TRADESMAN'S   GUIDE   TO  SUPERFICIAL  MEA- 
SUREMENT.   Tables  calculated  from  i  to  200  inches  in  length,  by  i  to  108 
inches  in  breadth.    For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  &c.     By  James  Hawkings.    Fourth  Edition.    Fcap., 
3S.  6d.  cloth. 
"  A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  any 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.    The  book  will  be 
found  of  the  greatest  utility  to  all  engaged  in  building  operations," — Scotsman. 

"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  supe/. 
ficial  measurement."— £M^/w/t  Mechanic, 

Forestry, 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  In- 
formation  concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B, 
Hough.    Large  crown  8vo,  los.  cloth. 

Timber  Importer's  Guide, 

THE  TIMBER  IMPORTER  '5,  TIMBER  MERCHANTS,  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandy.  Compris- 
ing  an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Net  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.    Third  Edition,  Revised.     i2mo,  2S.  cloth  limp. 

"  Everj'thing  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 
throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterais,  Sic.."—En£-lish 
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DECORATIVE  ARTS,  etc. 

Woods  and  Marbles  (Imitation  of), 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MARBLES,  as  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P. 
Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
i&i  by  i2i  in.,  Illustrated  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  154  Figures.  Second  and  Cheaper  Edition.  Price  £1  lis.  6d, 

List  of  Plates. 


of  Grain,  Preliminary  Stages  and  Finished 
Specimen— 2S,  26,  27.  Juniper  Wood  :  Methods 
Df  1       ■     ■        "     ■       '         -    ••    • 


Finished  Specimen— ig.  Mahogany :  Si>eclmens 
of  various  Grains  and  Methods  of  Manipulation 
—20,  21.  Mahogany:  Earlier  Stages  and  Finished 
Specimen — 22,23,24.  Sienna  Marble :  Varieties 

inary 

27.  Ju 
of  producing  Grain,  &c.:  Preliminary  Stages 
and  Finished  Specimen— 28,  29,  30.  Vert  de 
Mer  Marble :  Varieties  of  Grain  and  Methods 
of  Working  Unfinished  and  Finished  Speci- 
mens—31.  32.  3?.  Oak :  Varieties  of  Grain,  Tools 
Employed,  and  Methods  of  Manipulation,  Pre- 
liminary Stages  and  Finished  Specimen — 34,  «• 
36.  Waulsort  Marble:  Varieties  of  Grain,  Un* 
finished  and  Finished  Specimens. 


t.  Various  Tools  required  for  Wood  Painting 
—a,  3.  Walnut:  Preliminary  Stages  of  Graining 
tnd  Finished  Specimen  —  4.  T  ools  used  for 
Marble  Painting  and  Methoa  of  Mamipulation— 
■r„  6.  St.  Remi  Marble:  Earlier  Operations  and 
"Finished  Specimen— 7.  Methods  of  Sketching 
different  Grains,  Knots,  &c. — 8,  9.  Ash:  Pre- 
liminary Stages  and  Finished  Specimen  — 10. 
Methods  of  Sketching  Marble  (Jrains— 11,  la. 
Breche  Marble :  Preliminary  Stages  of  Working 
and  Finished  Specimen— 13.  Maple:  Method 
of  Producing  the  different  Grains— 14, 15.  Bird's- 
eye  Maple:  Preliminary  Stages  and  Finished 
Specimen — 16.  Methods  of  Sketching  the  dif- 
ferent Species  of  White  Marble— 17,  18.  White 
Marble:   Preliminary  Stages  of  Process  and 

*^,*  Opinions  of  the  Press. 

"Those  who  desire  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantagre 
*n  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
the  opportunity  to  study  it." — Builder. 

"A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and 
management  of  the  colours,  and  the  beautifullv  executed  plates  will  not  be  the  least  valuable  to  the 
%tudent  who  aims  at  making  his  work  a  faithful  transcript  of  Rd.\.\xxQ."— Building  News. 

House  Decoration, 

ELEMENTARY  DECORATION.  A  Guide  to  the  Simpler 
Forms  of  Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration  of 
Dwelling  Houses,  &c.  Together  with  PRACTICAL  HOUSE  DECORA- 
TION :  A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of 
Colours  in  Apartments,  and  the  principles  of  Decorative  Design.  By  James 
W.  Facev.  With  numerous  Illustrations,  In  One  Vol.,  5s.  strongly  half- 
bound. 

House  Painting,  Graining,  etc, 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING,  A  Practical  Manual  of.    By  Ellis  A.  Davidson.    Sixth  Edition. 

With  Coloured  Plates  and  Wood  Engravings.    i2mo,  6s.  cloth  boards. 

"  A  mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  man."— £«^/wA 
Afechanic. 

"Simply  invaluable  to  the  youngster  entering  upon  this  particular  calling,  and  highly  service- 
*ble  to  the  man  who  is  practising  it."— Furniture  Gatelte, 

Decorators,  Receipts  for, 

THE  DECORATOR'S  ASSISTANT:  A  Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.  Containing 
upwards  of  600  Receipts,  Rules  and  Instructions  ;  with  a  variety  of  Informa- 
tion for  General  Work  connected  with  every  Class  of  Interior  and  Exterior 
Decorations,  &c.  Fifth  Edition,  Revised.  152  pp.,  crown  8vo,  is.  in  wrapper. 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.     It  would  be  difficult  to  meet  with  a  work  so  full 

of  varied  information  on  the  painter's  3LZt."— Building' News. 

Moyr  SniitJi  on  Interior  Decoration, 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN. 

By  J.  Moyr  Smith.  Super-royal  8vo,  with  32  full-page  Plates  and  numerous 
smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  i8s. 

"  The  book  is  well  illustrated  and  handsomely  got  up,  and  contains  some  true  criticism  and  a 
good  many  good  examples  of  decorative  treatment."— TV;?  Builder, 

"To  all  who  take  an  interest  in  elaborate  domestic  ornament  this  handsome  volume  v/ill  bo 
welcome."— Gra//(ic. 
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BritisJt  and  Foreign  Marbles, 

MARBLE  DECORATION  and  the  Terminology  of  British  and 
Foreign  Marbles.  A  Handbook  for  Students.  By  George  H.  Blagrove, 
Author  of  "  Shoring  and  its  Application,"  &c.  With  28  Illustrations.  Crown 
8vo,  3S.  td.  cloth. 

"  This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
builder." — Building-  World. 

"  A  carefully  and  usefully  written  treatise ;  the  work  is  essentially  practical." —Scolsman. 

Marble  Working,  etc, 

MARBLE  AND  MARBLE  WORKERS:  A  Handbook  for 
Architects,  Artists,  Masons,  and  Students.  By  Arthur  Lee,  Author  of  "A 
Visit  to  Carrara,"  "  The  Working  of  Marble,"  &c.  Small  crown  8vo,  2S.  cloth. 
"  A  really  valuable  addition  to  the  technical  literature  of  architects  and  masoas."—Buildifig 

DELAmUE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION,  for  the  Use  of 

Eeginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  Exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Colours.  By  F.  Delamotte.  New  and  Cheaper  Edition.  Small  4to,  65.  orna- 
mental boards. 
"The  exjimples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge, 

ts  well  as  taste."— Alhenceum. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Mediaval,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illuniination,  Monograms, 
Crosses,  &c.  &c.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  &c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6d.  ornamental 
boards. 
"For  those  who  Insert  enamelled  sentences  round  glided  chalices,  who  blazon  shop  legends  over 

shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  use* 

fill.  "—Athenatim. 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c. 
Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours.  New 
and  Cheaper  Edition.  Royal  8vo,  oblong,  2s.  6d.  ornamental  boards. 
"There  Is  comprised  in  It  every  possible  shape  into  which  the  letters  of  the  alphabet  and 

numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 

plain  and  ornamental  letters  is  wonderful."— 5to«ttorrf. 

MEDIMVAL   ALPHABETS  AND  INITIALS   FOR  ILLUMI- 
NATORS.     By  F.  G.  Delamotte.     Containing  21  Plates  and  Illuminated 
Title,  printed  in  Gold  and  Colours.    With  an   Introduction  by  J.  Willis 
Brooks,    Fourth  and  Cheaper  Edition.    Small  4to,  4s.  ornamental  boards. 
"  A  volume  In  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  colours 

4sf  the  prism  interwoven  and  intertwined  and  intermingled."— 5m«. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediasval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Delamotte,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  6d. 
ornamental  wrapper. 
"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with  the 

art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  vioz\c."—East  Ang-lian  Times. 


Wood  Carving, 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Lady.  With  Ten  Plates.  New  and  Cheaper  Edition. 
Crown  8vo,  2S.  in  emblematic  wrapper. 
"The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  Impart  it,  may  be  learnt  from  '  A 

r.aily's"  publication."— .^^/«f«:?!<w. 
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The  Heavens  and  their  Origin, 

THE    VISIBLE   UNIVERSE:   Chapters  on  the  Origin  and 

Construction  of  the  Heavens.    By  J.  E.  Gore,  F.R.A.S.,  Author  of  "Star 

Groups,"  &c.  Illustrated  by  6  Stellar  Photographs  and  12  Lithographic 
Plates.    Demy  8vo,  16s.  cloth,  gilt  top.  [just  published. 

"  A  valuable  and  lucid  summary  of  recent  astronomical  theory,  rendered  more  valuable  and 
attractive  by  a  series  of  stellar  photographs  and  other  illustrations."— 7'A(r  Times. 

"  In  presenting  a  clear  and  concise  account  of  the  present  state  of  our  knowledge,  Mr.  Gore 
has  made  a  valuable  addition  to  the  literature  of  the  snh^ecX."— Nature. 

••Mr.  Gore's  '  Visible  Universe  '  is  one  of  the  finest  works  on  astronomical  science  that  has  re- 
cently appeared  in  our  language.  In  spirit  and  in  method  it  is  scientific  from  cover  to  cover,  but 
the  style  is  so  clear  and  attractive  that  it  will  be  as  acceptable  and  as  readable  to  those  who  make 

no  scientific  pretensions  as  to  those  who  devote  themselves  specially  to  matters  astronomic^" 

Leeds  Mercury. 

"  We  are  glad  to  bear  witness  to  the  fulness,  the  accuracy,  and  the  entire  honesty  of  the  latest 
and  the  best  compilation  of  the  kind  which  has  appeared  of  late  years.  .  .  .  The  illustrations 
are  also  admirable." — Daily  Chronicle. 

"  As  interesting  as  a  novel,  and  instructive  withal ;  the  text  being  made  still  more  luminous  by 
stellar  photographs  and  other  illustrations.   .   .   .  A  most  valuable  hook."— Manchester  £xaminer. 

The  Constellations, 

STAR   GROUPS:   A   Student's  Guide  to  the  Constellations.     By 

J.  Ellard  Gore.F.R.A.S.,  M. R.I. A.,  &c.,  Author  of  "  The  Visible  Universe," 
"  The  Scenery  of  the  Heavens."  With  30  Maps.  Small  4to_,  5s.  cloth,  silvered. 

"  A  knowledge  of  the  principal  constellations  visible  in  our  latitudes  may  be  easily  acquired  by 
the  thirty  maps  and  accompanying  text  contained  in  this  work."— Nature. 

"  The  volume  contains  thirty  maps  showing  stars  of  the  sixth  magnitude — the  usual  naked-eye 
limit—  and  each  is  accompanied  by  a  brief  commentary,  adapted  to  facilitate  recognition  and  bring 
to  notice  objects  of  special  interest.  For  the  purpose  of  a  preliminary  sur\'ey  of  the  '  midnight  pomp' 
of  the  heavens,  nothing  could  be  better  than  a  set  of  delineations  averaging  scarcely  twenty  square 
inches  in  area,  and  including  nothing  that  cannot  at  once  be  \dent\f\ed."—Satura'ay  Revie-w, 

"  A  veiy  compact  and  handy  guide  to  the  const.e\\aXions."—Athenoeu}H. 

The  Microscope. 

THE  MICROSCOPE  :  Its  Construction  and  Management,  in- 
cluding Technique,  Photo-micrography,  and  the  Past  and  Future  of  the 
Microscope.  By  Dr.  Henri  van  Heurck,  Director  of  the  Antwerp  Botan- 
nical  Gardens.  English  Edition,  Re-Edited  and  Augmented  by  the  Autkor 
from  the  Fourth  French  Edition,  and  Translated  by  Wynne  E.  Baxter, 
F.R.M.S.,  F.G.S.,  &c.  About  400  pages,  with  Three  Plates  and  upwards  of 
250  Woodcuts.    Imp.  8vo,  i8s.  cloth  gilt.  [Just  published. 

"  This  is  a  translation  of  a  well-known  work,  at  once  popular  and  comprehensive,  on  the  struc 
ture,  mechanism,  and  use  of  the  microscope.  Of  adequate  English  manuals  on  the  use  of  the 
microscope  there  is  certainly  no  lack;  but,  as  the  translator  very  truly] says,  such  a  book  as  Pro- 
fessor van  Heurck's  must  necessarily  be  of  interest  to  all  who  devote  serious  attention  to  microscopic 
work  as  a  means  of  comparing  the  continental  views  and  modes  of  thought  with  those  of  their  own 
and  other  countries.  '—Times. 

.^-StronoTni/, 

ASTRONOMY.     By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S., 

formerly  Radcliffe  Observer  at  Oxford.  Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.> 
formerly  of  the  Royal  Observatory,  Greenwich.    i2mo,  2s.  cloth  limp. 

"  A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners."— 
Kncnvledg'.,  [tto»al  Times. 

"  Accurately  brought  down  to  the  requirements  of  the  present  time  by  Mr,  Lynn."— £duca- 

Recent  and  Fossil  Shells, 

A  MANUAL  OF  THE  MOLLUSC  A  :  Being  a  Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S.,  F.G.S.,  late  Assistant 
Palaeontologist  in  the  British  Museum.  With  an  Appendix  on  Recent  and 
Fossil  Conchological  Discoveries,  by  Ralph  Tate,  A.L.S.,  F.G.S.  Illustrated 
by  A.  N.  Waterhouse  and  Joseph  Wilson  Lowry.  With  23  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Ed.,  1880.  Or.  8vo,  7s.  6d.  cl. 
"  A  most  valuable  storehouse  of  conchological  and  geological  information.'— Sci^w^  Gossip. 

Geology  and  Genesis, 

THE   TWIN  RECORDS  OF  CREATION;    or,   Geology    and 
Genesis :  their  Perfect  Harmony  and    Wonderful  Concord.    By  George  W, 
Victor  le  Vaux.    Numerous  Illustrations.    Fcap.  8vo,  55.  cloth. 
"  A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively  of  the 

arguments  of  those  who  would  set  God's  AVorks  against  God's  Word.    No  real  dlificulty  is  shirked 

and  no  sophistry  is  left  unexposed."— /"Ae  Rccfc 
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DR.  LARDNER'S  COURSE  OF  NATURAL  PHILOSOPHY. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost  re- 
written  by  Benjamin  Loewy,  F.R.A.S.  With  378  Illustrations.  Post  8vo, 
6s,  cloth. 

"The  perspicuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modern  character.  The  explanations  throughout  are 
studiously  popular,  and  care  has  been  talten  to  show  the  application  of  the  various  branches  of 
physics  to  the  industrial  arts,  and  to  the  practical  business  of  life."— iJ/»«»«^  yonrnal. 

"Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements."— 
Nature. 

"  Natural  philosophy  has  had  few  exponents  more  able  or  better  skilled  In  the  art  of  popu- 
larising the  subject  than  Dr.  Lardner ;  and  Mr.  Loewy  is  doing  good  service  in  fitting  this  treat&e, 
and  the  others  of  the  series,  for  use  at  the  present  time."— Scotsman. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS, 
New  Edition,  Revised  and  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.  With 
236  Illustrations,    Post  8vo,  5s.  cloth. 

"For  those  'who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro 
found  methods  of  mathematical  investigation,'  this  work  is  not  merely  intended,  but  well  adapted." 
—Chemical  News, 

"  The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  the 
fonner  edition,  and  all  the  most  recent  matter  has  been  added.  .  .  .  It  is  a  valuable  text-book. 
—Nature. 

"Candidates  for  pass  examinations  will  find  It,  we  think,  specially  suited  to  their  requirements. 
—En£^lisk  Mechanic. 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely  Re- 
written by  Benjamin  Loewy,  F.R.A.S.,  &c.  117  Illusts.  Post  8vo.  6s.  cloth 
"  The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudines 

or  lurking  doubts  behind." — Engineering: 

"A  most  exhaustive  book  on  the  subject  on  which  It  treats,  and  Is  so  arranged  that  It  can  be 

understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science Mr. 

Loewy  has  included  all  the  latest  discoveries  in  the  varied  laws  and  effects  o(\ieaX." —Standard. 
"A  complete  and  bandy  text-book  for  the  use  of  students  and  general  readers."— £m^/ixA 

Mechanic, 

THE  HANDBOOK  OF  OPTICS.  ByDioNYSius  Lardner,D.C.L., 
formerly  Professor  01  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  New  Edition.  Edited  byT.  Olver  Harding,  B.A,  Lond,, 
of  University  College,  London.  With  298  Illustrations.  Small  8vo,  448 
pages,  5s.  cloth. 
"  Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  Illustrated." 

—Mechanufs  Magazine, 

THE  HANDBOOK  OF  ELECTRICITY,   MAGNETISM,   AND 
ACOUSTICS,  By  Dr.  Lardner.    Ninth  Thousand.    Edit,  by  George  Carey 
Foster,  B.A.,  F.C.S.    With  400  Illustrations.    Small  Svo,  5s.  cloth. 
"  The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 

lucid^style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 

scientific  knowledge."— Po/>ular  Science  Revie-w. 

THE  HANDBOOK  OF  ASTRONOMY.     Forming  a  Companion 
to  the  "  Handbook  of  Natural  Philosophy."  By  Dionysius  Lardner  D  C  L 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in    University 
College,  London.      Fourth  Edition,  Revised  and  Edited  by  Edwin  Dunkin 
F.R.A.S.,  Royal  Observatory,  Greenwich.    With  38  Plates  and  upwards  of 
lOo  Woodcuts.    In  One  Vol.,  small  8vo,  550  pages,  9s.  6^.  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well 

arranged  a  form— certainly  none  at  the  price  at  which  this  is  otfered  to  the  public."— Athemeum 
"We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy  and  we 

strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  the  same  time  correct^-acauaint 

ance  with  this  sublime  science  " — Quarterly  yournal  of  Science. 

"One  of  the  most  deservedly  popular  books  on  the  subject  ...    We  would  recommend  not 

only  the  student  of  the  elementary  pnnaples  of  the  science,  but  be  who  aims  at  masterini?  the 

Iiigher  and  mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  him."— Prar  i 

calMagazin*, 

Qeology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL 
AND  HISTORICAL.  Consisting  of  " Physical  Geology,"  which  sets  forth 
the  leading  Principles  of  the  Science ;  and  "  Historical  Geology,"  which 
treats  of  the  Mineral  and  Organic  Conditions  of  the  Earth  at  each  successive 
epoch,  especial  reference  being  made  to  the  British  Series  of  Rocks  By 
Ralph  Tate.  A.L.S..  F  G.S..  &c.  With  350  Illustrationa.  lamo,  <^s  cl".  bds 
"  The  fiilness  of  the  matter  has  elevated  the  book  Into  a  manuai.  Its  Infonuatioa  is  exhau  tive 
and  well  arranged."— .ScAco/  Soard  Chronicle, 
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THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DioNYsius  Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  With  upwards  of  1,200  Engrav- 
ings on  Wood.  In  6  Double  Volumes,  £1  is.  in  a  new  and  elegant  cloth  bind- 
ing ;  or  handsomely  bound  in  half-morocco,  31s.  6d, 

*jf*  Opinions  of  the  Press. 

"TWs  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects,  with  which 
the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes  that  teachinsr  of  *  Com- 
mon Things  '  which  every  well-wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  Instruction 
and  improvement  widely  prevails  j  and  we  have  no  fear  that  such  enlightened  faith  will  meet  with 
disappointment."—  Times. 

"  A  cheap  and  interesting  publication,  alike  Informing  and  attractlTe.  The  papers  combine 
subjects  of  unportance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a 
popular  style  of  treatment."— 5/«rfa/or. 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  that  has  ever  beea 
made  to  the  Scientific  Instruction  of  every  class  of  society."— Sir  David  Brewster,  In  the 
North  British  Review. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of  the  writing, 
or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  is  hardly  to  be  found 
among  the  new  books  one  that  would  be  welcomed  by  people  of  so  many  ages  and  classes  as  a 
»aluable  present."— Examintr. 

•»*  Separate  books  formed  from  the  above, suitable  for  Workmen's  Libraries, 
Science  Classes,  etc. 

Common  Things  Explained.  Containing  Air,  Earth,  Fire,  Water,  Time, 
Man,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c.  233  Illus- 
trations, cloth  gilt,  5s. 

The  Microscope,  Containing  Optical  Images,  Magnifying  Glasses,  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  &c.  147  Illustrations,  cloth 
gilt,  2S. 

Pop^tlar  Geology.  Containing  Earthquakes  and  Volcanoes,  the  Crust  of 
the  Earth,  &c.    201  Illustrations,  cloth  gilt,  2S.  6d. 

Popular  Physics.  Containing  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
Thermometer,  the  Barometer,  Sound,  &c.   85  Illustrations,  cloth  gilt,  25. 6d. 

Steam  and  its  Uses.  Including  the  Steam  Engine,  the  Locomotive,  and 
Steam  Navigation.    89  Illustrations,  cloth  gilt,  2S. 

Poptdar  Astronomy.  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.    182  Illustrations,  cloth  gilt,  4s.  6d. 

The  Bee  and  White  Ants :  Their  Manners  and  Habits.  With  Illustra- 
tions of  Animal  Instinct  aud  Intelligence.    135  Illustrations,  cloth  gilt,  as. 

The  Electric  lelegraph  Popularized.  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
forms  of  Telegraphy  in  Actual  Operation.  100  Illustrations,  cloth  gilt, 
IS.  6d.  __^ 

Dr,  Lardner's  School  Handbooks, 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardner. 

328  Illustrations.    Sixth  Edition.    One  Vol.,  3s.  6d.  cloth. 

"  A  very  convenient  class-book  for  junior  students  in  private  schools.  It  is  Intended  to  convey 
inclear  and  precise  terms,  general  notions  of  all  the  pnncipal  divisions  of  Physical  Science."— 
British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  Dr.  Lardner. 

With  190  Illustrations.    Second  Edition.    One  Vol.,  3s.  6d.  cloth. 
"Clearly  written,  well  arranged,  and  excellently  illustrated.  "—Car-.^eHct-'i  Chronicle. 

Lardner  and  Bright  on  the  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.  By  Dr.  Lardner.  Rc 
vised  and  Re-written  by  E.  B.  Bright,  F.R.A.S.  140  Illustrations.  Small 
8vo,  zs.  6d,  C'Oth.  ^     ,.,.,, 

<•  One  of  the  most  icliable  books  extant  on  the  Electric  Telegraph."— £«^/wA  Mechanic. 
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CHEMICAL  MANUFACTURES,  CHEMISTRY. 

Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  etc, 

A    MANUAL    OF    THE    ALKALI    TRADE,   including   the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lomas,  Alkali  Manufacturer,  Newcastle-upon-Tyne  and  London. 
With  232  Illustrations  and  Working  Drawings,  and  containing  390  pages  oi 
Text.    Second  Edition,  with  Additions.    Supar-ioyal  8vo,  £x  los.  cloth. 
"This  book  is  written  by  a  manufacturer  for  manufacturers.    The  working  details  of  the  most 
approved  forms  of  apparatus  are  g:iven,  and  these  are  accompanied  by  no  less  than  232  wood  en- 
gravings, all  of  which  may  be  used  for  the  purposes  of  construction.     Every  step  in  the  manu- 
facture is  very  fully  described  in  this  manual,  and  each  improvement  explained."— ^;/««;««;^>«. 

"  We  find  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the  trade, 
but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful  conduct 
of  alkali  works,  but  which  are  generally  overlooked  by  even  experienced  technological  authors."— 
Chemical  Review. 

The  Blowpipe, 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  many 
Working  Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. - 
Colonel  W.  A.  Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Second  Edition, 
Revised  and  Enlarged.    Crown  8vo,  5s.  cloth. 

"The  student  who  goes  conscientiously^ through  the  course  of  experimentation  here  laid 
down  will  gain  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  'got  up' 
any  of  the  best  text-books  ot  the  day,  and  passed  any  number  of  examinations  in  their  contents."— 
Chemical  News. 

Commercial  Chem^ical  Analysis, 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS; or,  Practical  Instructions  for  the  determination  of  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,  in  Trades,  and  in 
the  Arts.  By  A.  Normandy,  Editor  of  Rose's  "  Treatise  on  Chemical 
Analysis."  New  Edition,  to  a  great  extent  re-written  by  Henry  M.  Noad, 
Ph.D.,  F.R.S.  With  numerous  Illustrations.  Crown  8vo,  12s.  6d.  cloth. 
"  We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the 

housewife  as  to  the  pharmaceutical  pxdiCtitionex."— Medical  Times. 

"  Essential  to  the  analysts  appointed  under  the  new  Act.    The  most  recent  rasuks  are  given, 

and  the  work  is  well  edited  and  carefully  written."— jVa^wr*. 

Chemistry  for  Engineers,  etc, 

ENGINEERING  CHEMISTRY :  A  Practical  Treatise  for  the 
Use  of  Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders, 
Students,  and  others.  Comprising  Methods  of  Analysis  and  Valuation  of  the 
Principal  Materials  used  in  Engineering  Work,  with  numerous  Analyses, 
Examples,  and  Suggestions.  By  H.  Joshua  Phillips,  F.I.C,  F.C.S. 
Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway.  Crown  8vo, 
320  pp.,  with  Illustrations,  los.  6d.  cloth.  Ij^ms^  published. 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical  men. 
.  .  .  The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  petmits."— Chemical  News. 

"  Those  in  search  of  a  handy  treatise  on  the  subject  of  analytical  chemistry  as  applied  to  the 
every-day  requirements  of  workshop  practice  will  find  this  volume  of  great  assistance."— /row. 

"  The  first  attempt  to  bring  forward  a  Chemistry  specially  written  for  the  use  of  engineers, 
and  we  have  no  hesitation  whatever  in  saymg  that  it  should  at  once  be  in  the  possession  of  every 
railway  engineer.'  —TA^  Railway  Engineer. 

"  The  book  will  be  very  useful  to  those  who  require  a  handy  and  concise  resume  of  approved 
methods  of  analysing  and  valuing  metals,  oils,  fuels,  &c.  It  is,  in  fact,  a  work  for  chemists,  a  guide 
to  the  routine  of  the  engineering  laboratory.  .  .  .  The  book  is  full  of  good  things.  As  a  hand- 
book of  technical  analysis,  it  is  very  vielcomQ."— Builder. 

Dye- Wares  and  Colours, 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES  :  Their 
Properties,  Applications, Valuations,  Impurities,  and  Sophistications.  For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater.    Second 
Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  7s.  6d.  cloth. 
"A  complete  encyclopedia  of  the  m^tteria  tinctoria.    The  information  given  respecting  each 

article  is  full  and  precise,  and  the  methods  of  determining  the  value  of  articles  such  as  these,  so 

liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable."— CA<!»iw/ 

and  Druggist. 

"  There  Is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparing 

for  examinations  in  dyeing  and  printing  it  wUl  prove  exceedingly  useful."— Chemical  News. 
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Modern  brewing  and  Malting, 

A  HANDY  BOOK  FOR  BREWERS:  Being  a  Practical  Guide 
to  the  Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modern 
Research  which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Edwards 
Wright,  M.A.,  Author  of  "A  Handbook  for  Young  Brewers."  Crown  8vo, 
530  pp.,  I2S.  6d.  cloth.  ijust  published. 

"May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  scientific  brewer  will  find  in  it  a  resume  of  all  the  most  important  discoveries  of 
modem  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author  takes 
great  care  to  discriminate  between  vague  theories  and  well-established  id^cts."— Brewers'  journal. 

"  We  have  very  great  pleasure  in  recommending-  this  handybook,  and  have  no  hesitation  in 
saying  that  it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of 
beer-brewing  in  this  country,  and  it  should  have  a  place  on  the  shelves  of  every  brewer's  library." 
—  The  Brewer's  Gjiardian. 

"  Well  arranged,  under  special  headings  which  separate  each  paragraph,  and  furnished  with  a 
good  index,  every  facility  for  speedy  reference  is  afforded.  ...  On  every  debatable  subject 
we  have  presented  in  an  unbiased  fashion  the  opinions  which  have  been  advanced  in  explanation 
of  these  points,  making  tlie  work  exactly  what  it  purports  to  be,  a  comprehensive  review  of  the 
conclusions  of  modern  research  in  regard  to  hre-wing."—C/iemical  Trade  Journal. 

Analysis  and  Valuation  of  Fuels, 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS,  Their  Analysis 
and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillips, 
F.C.S,,  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway, 
Author  of  "  Engineering  Chemistry,"  &c.  Second  Edition,  Revised  and 
Enlarged.    Crown  8vo,  5s.  cloth.  (jttst  published. 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a  large  sc<\o."— Chemical  News. 

"  Mr.  Phillips'  new  book  cannot  fail  to  be  of  wide  interest,  especially  at  the  present  time."— 
Railway  News. 

Pigments. 

THE  ARTIST'S  MANUAL  OF  PIGMENTS.  Showing 
their  Composition,  Conditions  of  Permanency,  Non- Permanency,  and  Adul- 
terations ;  Effects  in  Combination  with  Each  Other  and  with  Vehicles  ;  and 
the  most  Reliable  Tests  of  Purity.  Together  with  the  Science  and  Arts 
Department's  Examination  Questions  on  Painting.  By  H.  C.  Standage. 
Second  Edition,  crown  8vo,  2s.  6d.  cloth. 

"  This  work  is  indeed  ntultum-in-parvo,  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  a^  makers,  dealers  or  usexs."— Chemical  Review. 

Gauging,    Tables  and  Mules  for  Revenue  Officers, 

Brewers,  etc. 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING  : 
Containing  Tables,  Rules  and  Memoranda  for  Revenue  Ofi&cers,  Brewers, 
Spirit  Merchants,  &c.  By  J.  B.  Mant  (Inland  Revenue).  Second  Edition, 
Revised.  Oblong  i8mo,  45.  leather,  with  elastic  band. 
"  This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment, and  will  be  a  favourite  book  of  reference.  The  range  of  subjects  is  comprehensive,  and  the 
arrangement  simple  and  clear." — Civilian. 

"  Should  be  in  the  hands  of  every  practical  bzewex."—Bre7vers'  Journal, 
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JFlour  Manufacture,  Milling,  etc, 

FLOUR  MANUFACTURE:  A  Treatise  on  Milling  Science 
and  Practice.  By  Friedrich  Kick,  Imperial  Regierungsrath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute, 
Prague.  Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
Supplement.  By  H.  H.  P.  Powles,  Assoc.  Memb.  Institution  of  Civil  Engi- 
neers. Nearly  400  pp.  Illustrated  with  28  Folding  Plates,  and  167  Woodcuts. 
RoyaJ  8vo,  25s.  cloth. 

"  This  valuable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  milling.  .  . 
The  miller  v/ho  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  sue- 
cesshil  career  ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milhngingood, 
souad  English,  which  has  little,  if  any,  trace  of  the  German  idiom." — The  Miller. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pa^^s."— Millers'  Gazette. 
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Soap-making, 

THE  ART  OF  SOAP-MAKING :  A  Practical  Handbook  of  the 
Manufacture  of  Hard,  and  Soft  Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys. 
By  Alexander  Watt,  Author  oi  "Electro-Metallurgy  Practically  Treated," 
&c.  With  numerous  Illustrations.  Fourth  Edition,  Revised  and  Enlarged. 
Crown  8vo,  ys.  6d.  cloth. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the  practical 
soap-boiler  who  wishes  to  understand  the  theory  of  his  diTX.."— Chemical  News. 

"Really  an  excellent  example  of  a  technical  manual,  entering,  as  it  does,  thoroughly  and  ex- 
haustively, both  into  the  theory  and  practice  of  soap  manufacture.  The  book  is  well  and  honestly 
done,  and  deserves  the  considerable  circulation  with  which  it  will  doubtless  meet." — KtioiuUdge. 

"Mr.  Watt's  book  is  a  thoroughly  practical  treatise  on  an  art  which  has  almost  no  literatuVe  in 
our  language.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English 
technical  literature,"— A'a/wr*. 

J^aper  Making, 

THE  ART  OF  PAPER  MAKING  :  A  Practical  Handbook  of  the 
Manufacture  of  Paper  from  Rags,  Esparto,  Straw,  and  other  Fibrous  Materials. 
Including  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  of 
the  Machinery  and  Appliances  used.  To  which  are  added  Details  of 
Processes  for  Recovering  Soda  from  Waste  Liquors.  By  Alexander  Watt, 
Author  of  "  The  Art  of  Soap-Making,"  "  The  Art  of  Leather  Manufacture," 
&c.     With  Illustrations.    Crown  8vo,  75.  6d.  cloth. 

"  This  book  is  succinct,  lucid,  thorough!)?  practical,  and  includes  everything  of  interest  to  the 
modern  paper  maker.  The  book,  besides  being  all  the  student  of  paper-noaking  will  require  in  his 
apprenticeship,  will  be  found  of  interest  to  the  paper-maker  himself.  It  is  the  latest,  most  practical, 
and  most  complete  work  on  the  paper-making  art  before  the  British  puhlic."—Pa^er  Record. 

"  It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable  in- 
formation. The  'Art  of  Paper- making,'  is  in  every  respect  a  model  of  a  text-book,  either  for  a 
technical  class  or  for  the  private  student."— Pajier  and  Priuetftg-  Trades  Journal. 

Leather  Manufacture, 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning  Ex- 
plained, and  many  Recent  Processes  Introduced ;  as  also  the  Methods  for 
the  Estimation  of  Tannin,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dressing,  &c.  By  Alexander  Watt,  Author  of  "  Soap-Making,"  '*  Electro- 
Metallurgy,"  &c.  With  numerous  Illustrations.  Second  Edition,  Crown 
8vo,  9s.  cloth, 
"A  sound,  comprehensive  treatise  on  tanning  and  Its  accessories.  The  book  Is  an  eminently 
valuable  production,  which  redounds  to  the  credit  of  both  author  and  publishers."— CAewtwa/ 


"This  volume  Is  technical  without  being  tedious,  comprehensive  and  complete  without  beLig 
prosy,  and  it  bears  on  every  page  the  impress  of  a  master  hand.  We  have  never  come  across  a 
better  trade  treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  want,"— SAo«  and  Leather 
Trades'  Chronicle. 

Boot  and  Shoe  Making, 

THE  ART  OF  BOOT  AND  SHOE-MAKING.  A  Practical 
Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing,  and 
Making,  with  a  Description  of  the  most  approved  Machinery  employed. 
By  John  B.  Lend,  late  Editor  of  St.  Crispin,  and  The  Boot  and  Shoe-Mahev. 
With  numerous  Illustrations.  Third  Edition.  i2mo,  2s.  cloth  limp. 
"  This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.    The  chapter 

on  clicking,  which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book. " 

—Scottish  Leather  Trader. 

Dentistry  Constructiofu 

MECHANICAL  DENTISTRY :  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Dentures.  Comprising  also  Use- 
ful Formulae,  Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  &c. 
By  Charles  Hunter.  Third  Edition,  Revised.  With  upwards  of  100 
Wood  Engravings.  Crown  Svo,  3s.  6d.  cloth. 
"  The  work  is  very  prdiZt\z3\.."— Monthly  Review  of  Denial  Sur£-ery. 

"  We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession 
Of  dentistry,  as  well  as  to  every  mechanical  dentist."— Z>«*;»«  Journal  of  Medical  Science. 

Wood  Engraving, 

WOOD  ENGRAVING:  A  Practical  and  Easy  Introduction  to  the 
Studv  of  the  Art.  By  William  Norman  Brown.  Second  Edition.  With 
numerous  Illustrations.    i2mo,  is.  6d.  cloth  limp. 

"The  book  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  engraving."— CraMtV. 
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Horology, 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Prac 
tice.    Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the 
School  of   Horology  at    Ma9on,  by  Julien  Tripplin,  F.R.A.S.,  Besancon 
Watch  Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  78  Woodcuts  and  22  Coloured  Copper  Plates.    Second  Edition.    Super- 
royal  8vo,  £2  25.  cloth  ;  £2  los,  half-calf, 
"  There  is  no  horological  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunier's  for  clearness  and  completeness.     It  is  alike  good  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  workman."— Uoro^ogicai  yournal, 

"  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren 
— 4nfact,  the  Book  of  Books,  is  M.  Saunier's  'Treatise.'"— W»/i:A»ta/fe«r,  yeweUer  and  Silversmith, 

Watchmaking, 

THE  WATCHMAKER'S  HANDBOOK.  Intended  as  a  Work- 
shop Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechani- 
cal Arts.  Translated  from  the  French  of  Claudius  Saunier,  and  considera- 
ably  enlarged  by  Julien  Tripplin,  F.R.A.S.,  Vice-President  of  the 
Horological  Institute,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint. 
With  numerous  Wocdcuts  and  14  Copper  Plates.  Third  Edition.  Crown 
Svo,  gs.  cloth. 
"  Each  part  is  truly  a  treatise  In  itself.    The  arrangement  is  good  and  the  language  is  clear  and 

concise.    It  is  an  admirable  guide  for  the  young  watchmaker." — Engi7ieering. 

"  It  Is  impossible  to  speak  too  highly  of  its  excellence.    It  fulfils  every  requirement  in  a  hand- 

book  intended  for  the  use  of  a  workman.    Sliould  be  found  in  every  workshop."— /FafcA  attd 

Clockmaker. 

"  This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupation 

of  A  v/a.tc\\maket."—lVaU/tfnaiey  and  A'etalworker  (Chicago). 

Watches  and  Timekeepers, 

A  HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M. B.H.Inst.    250  pp.,  with  88  Illustrations,  is.  6d. 

boards ;  or  2S.  6d.  cloth  gilt.  [Just  published. 

"  Mr.  Kendal's  book,  for  its  size,  is  the  best  which  has  yet  appeared  on  this  subject  in  the 
English.  \a.ngunge."— Industries. 

"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  ingenious 
devices  of  the  ancient  or  modern  horologer.  The  subject  is  treated  in  a  liberal  and  entertaining 
spirit,  as  might  be  expected  of  a  historian  who  is  a  master  of  the  craft."— Saiierday  Review. 

Electrolysis  of  Gold,  Silver,  Copper,  etc, 

ELECTRO-DEPOSITION  :  A  Practical  Treatise  on  the  Electrolysis 
of  Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Ther- 
mopiles, and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,  and  several  Chapters  on  Electro-Metallurgy.  By  Alexander 
Watt,  Author  of  "  Electro-Metallurgy,"  &c.  With  numerous  Illustrations. 
Third  Edition,  Revised  and  Corrected,  Crown  Svo,  gs.  cloth. 
"Eminently  a  book  for  the  practical  worker  In  electro-deposition.     It  contains   practical 

descriptions  of  methods,  processes  and  materials  as  actually  pursued  and  used  in  the  workshop." 

—Engineer. 

Electro-Metallurgy, 

ELECTRO-MET  A  LL  URG  Y ;  Practically  Treated.  By  Alexander 
Watt,  Author  of  "  Electro-Deposition,"  &c.  Ninth  Edition,  Enlarged  and 
Revised,  with  Additional  Illustrations,  and  including  the  most  recent 
Processes.  lamo,  4s.  cloth  boards. 

"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful 
prosecution  of  electroplating."— /row. 

Working  in  Gold. 

THE  JEWELLER'S  ASSISTANT  IN  THE  ART  OF  WORK- 
ING IN  GOLD :  A  Practical  Treatise  for  Masters  and  Workmen,  Compiled 
from  the  Experience  of  Thirty  Years'  Workshop  Practice.  By  George  E. 
Gee,  Goldsmith  and  Silversmith,  Author  of  "The  Goldsmith's  Handbook," 
&c.    Crown  Svo,  7s.  6d.  cloth.  IJust  published. 

"  This  manual  of  technical  education  is  apparently  destined  to  be  a  valuable  auxiliary  to  a 

handicraft  which  is  certainly  capable  of  great  improvement."— r/^*  Tiw^J.  .    ,  t.     . 

"  This  volume  will  be  very  useful  in  the  workshop,  as  the  knowledge  is  practical,  having  been 

acquired  by  long  experience,  and  all  the  recipes  and  directions  are  guaranteed  to  be  successful  if 

properly  worked  out." — yczuelUr  and  Metahvorker. 
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Electroplating, 

ELECTROPLA  TING  :  A  Practical  Handbook  on  the  Deposi- 
tion  of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries,  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.,  Author  of  "  Electric 
Light,"  &c.  Second  Edition,  Revised,  with  Additions.  Numerous  Illustra- 
tions. Crowrn  8vo,  5s.  cloth, 
"  An  excellent  practical  m^aaa.1."— Engineerings, 
"  An  excellent  work,  giving  the  newest  mfovmditioa."—ffoyo!o^ical  Journal, 

Mectrotyping, 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of  Print. 

ing  Surfaces  and  Works  of  Art  by  the  Electro-deposition  of  Metals.    By  J.  W. 

Urquhart,  C.E.    Crown  8vo,  5S.  cloth. 

"  The  book  is  thoroughly  practical.  The  reader  Is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 
processes,  up  to  the  final  preparation  of  the  work."— .4r^  yowrwa/. 

Goldsmiths'  Work, 

THE  GOLDSMITH'S  HANDBOOK.     By  George  E.  Gsa, 
Jeweller,  &c.    Third  Edition,  considerably  Enlarged.    i2mo,  3s.  6d.  cl.  bds. 
"A  good,  sound  educator,  and  will  be  generally  accepted  as   an  3.u.tt).oxiiy."—Horolog-ical 
Journal. 

Silversmiths'  Work, 

THE  SILVERSMITH'S  HANDBOOK.  By  George  E.  Gee, 
Jeweller,  &c.  Second  Edition,  Revised,  with  numerous  Illustrations.  i2mo, 
3S.  6d.  cloth  boards. 

"The  chief  merit  of  the  work  is  its  practical  character.    .    .    The  workers  in  the  trade  will 
speedily  discover  its  merits  when  they  sit  down  to  study  it." — Eng-lish  Mechanic. 
***  The  above  two  works  together,  strongly  half-bound,  price  ys. 

Bread  and  Biscuit  Baking, 

THE   BREAD   AND   BISCUIT   BAKER'S    AND    SUG  iR- 
BOILER'S  ASSISTANT.    Including  a  large  variety  of   Modern  Recipes. 
With  Remarks  on  the  Art  of  Bread-making.     By  Robert  Welos,  Practical 
Baker.    Second  Edition,  with  Additional  Recipes.    Crown  8vo,  2s,  cloth. 
"  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  haker." Sattirday  Revietu, 

Confectioner^)  foil*  Hotels  and  Bestaurants, 

THE  PASTRYCOOK  AND  CONFECTIONER'S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells,  Author  of  "The  Bread  and  Biscuit  Baker's  and 
Sugar-Boiler's  Assistant."  Crown  8vo,  2S.  cloth. 
"  We  cannot  speak  too  highly  of  this  really  excellent  work.  In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book."— Bayers'  Times. 

Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY :  A  Guide  for  Bakers, 
Confectioners  and  Pastrycooks ;  including  a  variety  of  Modern  Recipes,  and 
Remarks  on  Decorative  and  Coloured  Work.  With  129  Original  Designs. 
By  Robert  Wells,  Practical  Baker,  Author  of  "  The  Bread  and  Biscuit 
Baker's  and  Sugar-Boiler's  Assistant,"  &c.  Crown  Svo,  cloth  gilt,  55. 
"  A  valuable  work,  practical,  and  should  be  in  the  hands  of  every  baker  and  confectioner.  The 
illustrative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work."—  Bayers'  Times. 

Flour  Confectionery, 

THE  MODERN  FLOUR  CONFECTIONER.  Wholesale  and 
Retail.  Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits, 
&c.  With  Remarks  on  the  Ingredients  used  in  their  Manufacture.  To 
which  are  added  Recipes  for  Dainties  for  the  Working  Man's  Table.  By 
R.  Wells,  Author  of  "The  Bread  and  Biscuit  Baker,"  &c.  Crown  Svo,  2S.  cl, 

liyi 
cal  working."— A^or/A  British  Daily  Mail. 

Laundry  Work, 

LA  UN  DRY  MANAGEMENT.  A  Handbook  for  Use  in  Private 
and  Public  Laundries,  Including  Descriptive  Accounts  of  Modern  Machinery 
and  Appliances  for  Laundry  Work.  By  the  Editor  of  "The  Laundry 
Journal."    With  numerous  Illustrations.    Crown  Svo,  2s,  6d.  cloth. 

"  This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers 
who  wish  to  keep  themselves  an  cattrant  o{  tin  newest  appliances  and  methods."— JVftf  Queen. 


40  CROSBY  LOCK  WOOD  &-  SON'S  CATALOGUE. 

HANDYBOOKS    FOR   HANDICRAFTS. 

By  PAUL  N.  HASLUCK, 

Editor   of   "Work"  (New  Series);  Author  of  " Lathework,!'  "Milling 
Machines,  &c. 
Crown  8vo,  144  pages,  cloth,  price  is.  each. 
tS"  TAese  Handybooks  have  been  written  to  supply  information  for  VfoRKyiEn, 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  of 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Techhicai,  Know- 
ledge of  the  several  Crafts.   In  describing  the  processes  employed,  and  themanipu- 
lation  of  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes. 

*^*  The  following  Volumes  are  now  ready  : 
THE  METAL  TURNER'S  HANDYBOOK.     A  Practical  Manual 

for  Workers  at  the  Foot-Lathe.    With  over  100  Illustrations.    Price  is. 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.   It  displays  thorough 
knowledge  of  the  subject."— 5f<?;'jwa«. 

THE    WOOD    TURNER'S    HANDYBOOK.     A  Practical  Manual 
for  Workers  at  the  Lathe.    With  over  ico  Illustrations.    Price  is. 
"We  recommend  the  book  to  young  turners  and  amateurs.    A  multitude  of  workmen  have 

hitherto  sought  in  vain  for  a  manual  of  this  special  mdustxy."— Mechanical  World. 

THE    WATCH   JOBBER'S  HANDYBOOK.    A  Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of  100  Illustrations. 
Price  IS. 
"  We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 

this  inexpensive  •wox)s.."—CUrkenweU  ChronicU. 

THE    PATTERN     MAKER'S    HANDYBOOK.       A    Practical 

Manual  on  the  Construction  of  Patterns  for  Founders.    With  upwards  of 
100  Illustrations.    Price  is. 
"  A  most  valuable,  if  not  indispensable,  manual  for  the  pattern  maker."— Know led^^e. 

THE  MECHANICS   WORKSHOP  HANDYBOOK.     A  Practical 
Manual  on  Mechanical  Manipulation.    Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda. 
Comprising  about  200  Subjects.    Price  is. 
"  A  very  clever  and  useful  book,  which  should  be  found  in  every  workshop  ;  and  it  should 

certainly  find  a  place  in  all  technical  schools."— Sadrday  Review. 

THE  MODEL  ENGINEER'S  HANDYBOOK.  A  Practical 
Manual  on  the  Construction  of  Model  Steam  Engines.  With  upwards  of  100 
Illustrations.    Price  is. 

"  Mr.  Hasluck  has  produced  a  very  good  little  book."— Builder. 

THE  CLOCK  JOBBER'S  HANDYBOOK.  A  Practical  Manual 
on  Cleaning,  Repairing,  and  Adjusting.  With  upwards  of  100  Illustrations, 
Price  IS. 

"  It  is  of  inestimable  service  to  those  commencing  the  tzade."—CoveHlry  Standard. 

THE    CABINET     WORKER'S    HANDYBOOK:     A    Practical 
Manual   on  the  Tools,  Materials,  Appliances,  and  Processes  employed  in 
Cabinet  Work.    With  upwards  of  100  Illustrations.    Price  is. 
"  Mr.  Hasluck's  thoroughgoing  little  Handybook  is  amongst  the  most  practical  guides  we  have 

seen  for  beginners  in  cabinet-work." — Saturday  Review. 

*  Tlie  folloiving  are  in  preparation  : 
THE    WOODWORKER'S  HANDYBOOK. 
THE  METALWORKER'S  HANDYBOOK. 


The  following  Notices  of  the  Press  show  the  estimation  in  which  the  Series  is  field:— 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it,  and 
how  to  convey  his  knowledge  to  others."— Hn^rineering: 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions."— fw^w^er. 

"  These  handy  volumes  are  certain  to  give  thorough  help  in  the  groundwork  of  his  profession 
to  any  intelligent  apprentice."— /^ai/y  Telegraph. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skill  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  mar\  els  of 
what  can  be  produced  at  a  popular  ^rice."— Schoolmaster. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— />*f/)'  Chronicle, 

"  Practical,  sensible,  and  remarkably  cheaip."— journal  o/'£duf«tion. 

"  Concise,  clear,  and  praciicaV'—Satia-day  Review. 
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Commercial  Education, 

LESSONS   IN  COMMERCE.     By  Professor  R.  Gambaro,  of 

the  Royal  High  Commercial  School  at  Genoa.  Edited  and  Revised  by  James 

Gault,  Professor  of  Commerce  and  Commercial  Law  in  King's  College, 

London.     Crown  8vo,  3s.  6d.  cloth. 

"  The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  of  commercial 

education  by  the  opportune  production  of  this  volume.    .    .    .    The  work  is  peculiarly  acceptable 

to  English  readers  and  an  admirable  addition  to  existing  class-books.    In  a  phrase,  we  think  the 

work  attains  its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with 

which  the  commercial  man  interested  therein  sliould  be  familial."— Chamber  of  Cominerce  Journal. 

Foreign  Com,m,ercial  Correspondence, 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Being 
Aids  to  Commercial  Correspondence  in  Five  Languages— English,  French, 
German,  Italian,  and  Spanish.     By  Conrad  E.  Baker.     Second  Edition. 
Crown  8vo,  3s.  6d.  cloth. 
"Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 

than  study  this  work,  the  materials  ofwhich  are  excellent  and  conveniently  arranged."— ^/Aewtszrw. 
"A  careful  examination  has  convinced  us  that  it  is  unusually  complete,  well  cirranged,  and 

reliable.    The  book  is  a  thoroughly  good  one."— Schoolmaster. 

Accounts  for  Manufacturers. 

FACTORY  ACCOUNTS:  Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details ;  the  Income  Tax  Acts ;  the  Rating  of  Fac- 
tories ;  Fire  and  Boiler  Insurance ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.  Third  Edition.  Demy  8vo,  250  pages, 
price  6s  strongly  bound. 
"A  very  interesting  description  of  the  requirements  of  Factory  Accounts.    .    .    .    the  principle 

of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 

agree  with."— Accojtn/ants'  yourifal. 

"  Characterised  by  extreme  thoroughness.    There  are  few  owners  of  factories  who  would  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  vrotk,"— Local  Government  Chronicle 

Intuitive  Calculations, 

THE  COMPENDIOUS  CALCULATOR ;  or.  Easy  and  Con- 
cise Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions,  together  with  Useful  Tables.  By 
Daniel  O'Gorman.  Corrected  and  Extended  by  Professor  J.  R.  Young. 
Twenty-seventh  Edition,  Revised  by  C.  Norris.  Fcap.  Svo,  2S.  6d.  cloth 
limp ;  or,  3s.  6d.  strongly  half-bound  in  leather. 
"  It  would  be  difficult  to  exaggerate  the  usefulness  of  a  book  like  this  to  everyone  engaged  in 

commerce  or  manufacturing  industry.    It  is  crammed  full  of  rules  and  formulae  for  shortening  and 

employing  calculations." — JCnoTvle{l£^e. 

Modern  Metrical  Units  and  Systems, 

MODERN  METROLOGY :  A  Manual  of  ths  Metrical  Units 
and  Systems  of  the  Present  Century.  With  an  Appendix  containing  a  proposed 
English  System.  By  Lewis  D'A.  Jackson,  A.M. Inst. C.E.,  Author  of  "  Aid 
to  Survey  Practice,"  &c.    Large  crown  Svo,  12s.  6d.  cloth. 

"  We  recommend  the  work  to  all  interested  in  the  practical  reform  of  our  weights  and  mea- 
sures."— Nature. 

The  Metric  System  and  the  BtHtish  Standards, 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Stand- 
ard Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present 
in  Use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  Svo,  las.  6d.  strongly  bound. 
"Mr.  Dowling's  Tables  are  well  put  together  as  a  ready-reckoner  for  the  conversion  of  one 
system  into  the  other."— Athtnaum. 

Iron  and  Metal  Trades'  Calculator, 

THE  IRON    AND  METAL  TRADES'  COMPANION.     For 

expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight, 
from  IS.  per  cwt.  to  112s.  per  cwt.,  and  from  one  farthing  per  pound  to  one 
shilling  per  pound.  By  Thomas  Downie.  Strongly  bound  in  leather, 
396  pp.,  9s. 

"  A  most  useful  set  of  tables ;  nothing  like  them  before  ejdsted."—BuildiH£^  News, 
"  Although  speciEiUy  adapted  to  the  Iron  and  metal  trades,  the  tables  will  be  found  useful  in 
every  other  business  in  which  merchandise  is  bought  and  sold  by  vreight."— Railway  News, 
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Calculator  for  Numbers  and  Weights  Combined, 

THE  NUMBER,   WEIGHT,  AND  FRACTIONAL   CALCU- 
LATOR.   Containing  upwards  of  250,000  Separate  Calculations,  showing  at 
a  glance  the  value  at  422  diflerent  rates,  ranging  from  xlgth  of  a  Penny  to 
20s.  each,  or  per  cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecu- 
tively, from  I  to  470. — Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470 
cwts.— Any  number  of  tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  1,000  tons.  •  By 
William  Chadwick,  Public  Accountant.    Third  Edition,  Revised  and  Im- 
proved. 8vo,  price  i8s.,  strongly  bound  for  Office  wear  and  tear. 
1^  Is  adapted  for  the  use  of  Accountants  and  Auditors,  Railway  Companies, 
Canal  Companies,  Shippers,  Shipping  Agents,  General  Carriers,  etc.    Ironfounders, 
Brassfounders,  Metal  Merchants,   Iron  Manufacturers,  Ironmongers,   Engineers, 
Machinists,  Boiler  Makers,  Millwrights,  Roofing,  Bridge  and  Girder  Makers,  Colliery 
Proprietors,  etc.     Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors, 
Auctioneers,  Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers, 
Merchants,  and  General  Wholesale  Tradesmen.     Also  for  the  Apportionment  of 
Mileage  Charges  for  Railway  Traffic. 

\*  Opinions  of  the  Press. 

"  It  is  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictionary,  and  the 
references  are  even  more  quickly  made.  For  makings  up  accounts  or  estimates  the  book  must 
prove  invaluable  to  all  who  have  any  considerable  quantity  of  calculations  involving  price  and 
measure  in  any  combination  to  Ao."—E)iffi7ieer. 

"  The  most  complete  and  practical  ready  reckoner  which  it  has  been  our  fortune  yet  to  see.  It 
is  difficult  to  imagine  a  trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either  in 
saving  human  labour  or  in  checking  work.  The  publishers  have  placed  within  the  reach  of  every 
commercial  man  an  iavaluable  and  unfailing  assistant.'' — The  MUUr. 

Harben^s  Comprehensive  Weight  Calculator, 

THE  WEIGHT  CALCULATOR.  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  168s.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a  smgle  addition  (mostly  to  be  performed  at 
sight),  will  afiord  an  aggregate  of  10,266,000  Answers ;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harben,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo, 
£1  5$.,  strongly  half- bound. 
"  A  practical  and  useful  work  of  reference  for  men  of  badness  generally  ;  It  k  the  best  of  the 

kind  we  have  seen." — Ironmonger, 

"Of  priceless  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  Qfla.ze&,"—Shef- 

^eld  IndeJ>endent. 

Harben's  Comprehensive  Discount  Guide, 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a  Rate  of  Discount  or  Advancing  a  Price,  so  as  to  produce,  by  one 
operation,  a  sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts :  to  which  are  added  Tables  of  Profit  or  Advance  from  i\  to 
go  per  cent.,  Tables  of  Discount  from  i\  to  98I  per  cent.,  and  Tables  of  Com- 
mission, &c.,  from  \  to  10  per  cent.  By  Henry  Harben,  Accountant,  Author 
of  "  The  Weight  Calculator."  New  Edition,  carefully  Revised  and  Corrected, 
Demy  8vo,  544  pp.,  £1  5s.  half-bound. 

"A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
means  saving  of  money.  We  have  the  high  authority  of  Professor  J.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  principles.  The  work  is  a  model 
of  typographical  clearness,  and  must  prove  of  great  value  to  merchants,  manufacturers,  and 
genercd  traders."— .firt/wA  Trade  youmal. 

Iron  Shipbuilders'  and  Merchants'  Weight  Tables, 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders, 
Engineers,  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  diSerent  sizes  of  Iron  Plates,  from  i  foot  by  6  in.  by  J  in.  to 
10  feet  by  5  feet  by  i  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  i  inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W.  H.  Simpson.  Oblong  4to,  25s.  half-bound. 
"This  work  will  be  found  of  great  utility.    The  authors  have  had  much  practical  experience 

of  what  is  wanting  in  making  estimates;  and  the  use  of  tlie  book  will  save  much  time  la  making 

elaborate  calcv^aiUoas,"— English  Mechanic. 
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Dr,    Fream's    New    Edition    of    ^^  The    Standara 
Treatise  on  Agriculture,'' 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT:  A  Compendium  of  Husbandry.  Originally 
Written  by  William  Youatt.  Thirteenth  Edition,  entirely  Re-written, 
considerably  Enlarged,  and  brought  up  to  the  Present  Requirements  of 
Agricultural  Practice,  by  William  Fream,  LL.D.,  Steven  Lecturer  in  the 
University  of  Edinburgh,  Author  of  "The  Elements  of  Agriculture,"  &c. 
Royal  8vo,  1,100  pp.,  with  over  450  Illustrations.  Price  £1  iis.  6d.  strongly 
and  handsomely  Dound.  IJust  published. 

Extract  from  Publishers'  Advertisement. 

"  A  treatise  that  made  its  original  appearance  in  the  first  decade  of  the  century,  and  that  enters, 
upon  its  Thirteenth  Edition  before  the  century  has  run  its  course,  has  undoubtedly  established  its 
position  as  a  work  of  permanent  value.  It  has  been  deemed  expedient,  therefore,  to  retain,  as  far 
as  possible,  in  the  present  edition  those  features  of  Youatt's  Work  which  must  have  commended 
themselves  to  general  approval. 

"  The  phenomenal  progress  of  the  last  dozen  years  in  the  Practice  and  Science  of  Farming  has 
rendered  it  necessary,  however,  that  the  volume  should  be  re-written,  and  the  publishers  were 
fortunate  enough  to  secure  for  the  revision  the  services  of  Dr.  FREAM,  whose  high  attainments  in 
all  matters  pertaining  to  agriculture  have  been  so  emphatically  recognised  by  the  highest  pro- 
fessional and  official  authorities.  In  carrying  out  his  editorial  duties.  Dr.  FREAM  has  been 
favoured  with  valuable  contributions  by  Prof.  J.  WORTLEY  AXE,  Mr.  E.  BROWN,  Dr.  BERNARD 
Dyer,  Mr.  w.  J.  Malden,  Mr.  R.  H.  Rew,  Prof.  Sheldon,  Mr.  J.  Sinclair,  Mr.  Sanders 
Spencer,  and  others 

"  No  pains  have  been  spared  to  make  the  illustrations  as  representative  and  characteristic  as 
possible  ;  those  of  Live  Stock  (with  one  or  two  exceptions)  being  new  to  the  work  ;  and  amongst 
them  will  be  found  portraits  of  prize-winning  animals  of  the  leading  breeds. 

"  On  the  whole,  it  may  be  safely  said  that  no  effort  has  been  lacking  on  the  part  of  either 
Editor  or  Publishers  to  make  this  New  Edition  of  '  The  COMPLETE  GRAZIER  '  a  faithful  mirror  of 
agricultural  progress  and  a  reliable  record  of  modern  practice  in  farming,  and,  as  such,  deserving  of 
the  reputation  gained  by  the  work  (vMe  ATarA  Latie  Express)  as  'a  treatise  which  111111 ; 
standard  Tuork  nii  the  subject  as  loits^  as  British  agriculture  e^idiires.'  " 

Summary  of  Contents. 


Book  I.  On  the  Varieties,  Breed- 
ing, Rearing,  Fattening,  and 
Management  of  Cattle. 

Book  II.  On  the  Economy  and  Man- 
agement of  the  Dairy. 

Book  III.  On  the  Breeding,  Rear- 
ing, AND  Management  of  Horses. 

Book  IV.  On  the  Breeding,  Rear- 
ing, AND  Fattening  of  Sheep. 

Book  V.  On  the  Breeding,  Rearing, 
AND  Fattening  of  Swine. 

Book  VI.  On  the  Diseases  of  Live 
Stock. 


Book  VII.  On  the  Breeding,  Rear- 
ing, AND  Management  of  Poultry» 

Book  VIII.  On  Farm  Offices  and 
Implements  of  Husbandry. 

Book  IX.  On  the  Culture  and  Man- 
agement OF  Grass  Lands. 

Book  X.  On  the  Cultivation  and 
Application  of  Grasses,  Pulse, 
AND  Roots. 

Book  XI.  On  Manures  and  their 
Application  toGrass  Land&Crops 

Book  XII.  Monthly  Calendars  of 
Farmwork. 


*^* 


Opinions  of  the  Press  on  the  New  Edition. 


"  Dr.  Fream  is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  farm  practice  of  the  country.  We  believe 
that  it  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence."— TV?* 
Times,  February  13th,  1893. 

"  The  book  is  one  that  ought  to  be  in  every  farm  and  in  the  library  of  every  land  owner."— 
Mar  A  Lane  Express. 

"The  best  and  brightest  guide  to  the  practice  of  husbandry,  one  that  has  no  superior— no 
equal  we  might  truly  say— among  the  agricultural  literature  now  before  the  public."— ^^/^j 
jyeekiy  Messenger. 

"  In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
unique  position  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agri- 
cultural library  of  itself,  and  as  such  it  should  be  in  the  hands  of  every  agriculturist."-  North 
British  Agriculturist. 

British  Fartn  Live  Stock, 

FARM  LIVE  STOCK  OF  GREAT  BRITAIN.  By  Robert 
Wallace,  F.L.S.,  F.R.S.E.,  &c.,  Professor  of  Agriculture  and  Rural  Eco- 
nomy in  the  University  of  Edinburgh.  Third  Edition,  thoroughly  Revised 
and  considerably  Enlarged.  With  over  120  Phototypes  of  Prize  Stock.  Demy 
8vo,  384  pp.,  with  79  Plates  and  Maps,  price  12s.  6d.  cloth.  [^Msf  published. 
"  Few  country  gentlemen  who  take  up  this  book  will  care  to  put  it  down  again  until  they  have 

looked  at  its  hunclred  phototypes  of  prize  cattle,  sheep,  pigs,  and  horses— the  very  best  collection 

we  have  ever  seen." —Saturday  Review. 
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Dairy  Farming, 

BRITISH  DAIRYING.  A  Handy  Volume  on  the  Work  of  the 
Dairy-Farm.  For  the  Use  of  Technical  Instruction  Classes,  Students  in 
Agricultural  Colleges,  and  the  Working  Dairy-Farmer.  By  Prof.J.  P.  Sheldon, 
late  Special  Commissioner  of  the  Canadian  Government,  Author  of  "  Dairy 
Farming,"  "  The  Farm  and  the  Dairy,"  &c.  With  numerous  Illustrations. 
Crown  8vo,  zs.  6d.  cloth.  [just  published. 

Agricultural  Facts  and  Figures, 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Primrose  McConnell, 
B.Sc,  Fellow  of  the  Highland  and  Agricultural  Society.  Fourth  Edition. 
Royal  32mo,  roan,  gilt  edges,  with  band,  4s. 

"  Literally  teems  with  information,  and  we  can  cordially  recommend  it  to  all  connected  with 
agriculture."  —A'iyr/A  British  Agriculturist. 

Small  Farming, 

SYSTEMATIC    SMALL  FARMING;    or,  The  Lessons  of  my 

Farm.    Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Farmers. 

By  Robert  Scott  Burn,  Author  of  "Outlines  of  Modern  Farming,"  &c 

With  numerous  Illustrations,  crown  8vo,  6s.  cloth, 

"This  Is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer 
will  read  with  pleasure  and  accept  as  a  gaidG."— Field. 

"  The  volume  contains  a  vast  amount  of  useful  Information.  No  branch  of  farming  is  left 
untouched,  from  the  labour  to  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to 
all  who  think  they  will  be  in  paradise  when  they  buy  or  rent  a  three-acre  faxm."— Glasgow  Herald. 

Modem  Fat^ming, 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn. 
Soils,  Manures,  and  Crops— Farming  and  Farming  Economy— Cattle,  Sheep, 
and  Horses  —  Management  of  Dairy,  Pigs,  and  Poultry  —  Utilisation  of 
Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One  Vol.,  1,250  pp.,  half- 
bound,  profusely  Illustrated,  12s. 

"  The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy, 
and  In  this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  ctedii."— Morning 
Advertiser.        "  No  farmer  should  be  without  this  hook."— Baniury  Guardian. 

Agricultural  Engineering, 

FARM  ENGINEERING,  THE  COMPLETE  TEXT -BOOK  OF. 
Comprising  Draining  and  Embanking ;  Irrigation  and  Water  Supply ;  Farm 
Roads,  Fences,  and  Gates ;  Farm  Buildings,  their  Arrangement  and  Con- 
struction, with  Plans  and  Estimates;  Barn  Implements  and  Machines;  Field 
Implements  and  Machines;  Agricultural  Surveying,  Levelling,  &c.  By  Prof. 
John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the  Royal 
Agricultural  College,  Cirencester,  &c.  &c.  In  One  Vol.,  1,150  pages,  half- 
bound,  with  over  600  Illustrations,  12s. 

"Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements , 
The  volume  will  be  of  great  value  to  agricultural  students,"— Mar/k  Lane  Express. 

"  For  a  young  agriculturist  we  know  of  no  handy  volume  likely  to  be  more  usefully  studied,' 
—BelTs  IVeekly  Messenger. 

Agricultural  Text-Book, 

THE  FIELDS  OF  GREAT  BRITAIN  :  A  Text-Book  of 
Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department. 
For  Elementary  and  Advanced  Students.  By  Hugh  Clements  (Board  of 
Trade).  Second  Edition,  Revised,  with  Additions.  i8mo,  2S.  6d.  cloth. 
"A most  comjjrehensive  volume,  giving  a  mass  of  mforraation."— Agricultural  Ecoftofnist. 
"It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  Vcist  smd  useful  fund  of  knowledge." — Educational  Titncs. 

Tables  for  Fartners,  etc, 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 

jor  Farmers,  Graziers,  Agricultural  Students,  Surveyors,  Land  Agents,  Auc- 
tioneers, etc.  Selected  and  Arranged  by  Sidney  Francis.  Second  Edition, 
Revised,  272  pp.,  waistcoat-pocket  size,  is.  6d.  limp  leather. 
"  Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match  box,  it  contains  a  mass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  We 
cordially  recommend  it."— Bell's  IVeekly  Messenger. 
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The  Manage^nent  of  Bees, 

BEES  FOR  PLEASURE   AND   PROFIT:    A  Guide  to  the 
Manipulation  of  Bees,  the  Production  of  Honey,  and  the  General  Manage- 
ment of  the  Apiary.    By  G.  Gordon  Samson.    With  numerous  Illustrations. 
Crown  8vo,  is.  cloth. 
"  The  intending:  bee-keeper  will  find  exactlj'  the  kind  of  information  required  to  enable  hinv 

to  make  a  successful  start  with  his  hives.    The  author  is  a  thoroughly  competent  teacher,  and  his 

book  may  be  commended." — Morjiiit^  Post. 

Farm,  and  Estate  Book-keeping. 

BOOK-KEEPING   FOR  FARMERS  &  ESTATE  OWNERS. 
A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant.  Second 
Edition,  Revised.  Cr.  8vo,  3s.  6d.  cl.  bds. ;  or  2s.  6d.  cl.  limp, 
"  The  volume  is  a  capital  study  of  a  most  important  s\ihiQCt."—A£^riatltural  Gazette. 

Farm  Account  Book, 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 
a  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Author  of  Book- 
keeping for  Farmers."  Folio,  ys.  6d.  half  bound.  [culture* 
"Coatains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately."— y^^-W- 

Early  Fruits,  Flowers,  and  Vegetables, 

THE  FORCING  GARDEN ;  or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.  With  Plans  and  Estimates  for  Building  Glass- 
houses, Pits,  and  Frames,  With  Illustrations.  By  Samuel  Wood.  Crown 
8vo,  3s.  6d.  cloth. 

"  A  good  book,  and  fairly  fills  a  place  that  was  in  some  degree  vacant.    The  book  is  written  with 
great  care,  and  contains  a  great  deal  of  valuable  teaching." — Gardeners'  Magazine. 

Good  Gardening, 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  \  or.  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth  Edition,  with  con- 
siderable Additions,  &c.,  and  numerous  Illustrations.  Crown  8vo,  3s.  6d.  cl. 
"  May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  the 

plain,  simple,  and  trustworthy  information  it  gives  on  common  matters  too  often  neglected."— 

OartUners'  Chronicle. 

Gainful  Gardening, 

MULTUM-IN-PARVO  GARDENING;  or,  How  to  make  One 
Acre  ot  Land  produce  ;f  620  a-year  by  the  Cultivation  .of  Fruits  and  Vegetables ; 
also.  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit.  By  Samuel  Wood,  Author  of  "  Good  Gardening,"  &c. 
Fifth  and  Cheaper  Edition,  Revised,  with  Additions.  Crown  8vo,  is.  sewed. 
"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's 
gardener,  but  to  the  market  grower."— Gardeners'  Magazine. 

Gardening  for  Ladies, 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amateurs'  Complete  Guide.  With  Illusts.  By  S.  Wood.  Cr.8vo,  3s.  6d.  cU 
"  This  volume  contains  a  good  deal  of  sound,  common  sense  instruction."— /^foris-/. 
"  Full  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  experieace." — Scotsman, 

Meceipts  for  Gardeners, 

GARDEN  RECEIPTS,     Edited  by  Charles  W.  Quin.    i2mo, 
IS.  6d.  cloth  limp. 
"  A  useful  cmd  handy  book,  containing  a  good  deal  of  valuable  Information." — Atkenaum, 

Market  Gardening, 

MARKET  AND  KITCHEN  GARDENING.     By  Contributors 
to  "The  Garden."    Compiled  by  C.  W.  Shaw,  late  Editor  of  "Gardening 
Illastrated."     lamo,  3s.  6d.  cloth  boards. 
••  The  most  valuable  compendium  of  kitchen  and  market -garden  work  published." — Farmer. 

Cottage  Gardening, 

COTTAGE  GARDENING:  or,  Flowers,  Fruits,  and  Vegetables  for 
Small  Gardens.    By  E.  Hobday.    i2mo,  is.  6d.  cloth  limp. 

"  Contains  much  useful  information  at  a  small  charge."— dTa/fi^w  Herald. 
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AUCTIONEERING,    VALUING,    LAND    SURVEYING 
ESTATE  AGENCY,  etc. 


Auctioneer's  Assistant, 

THE  APPRAISER,  A  UCTIONEER,  BROKER,  HOUSE  AND 
ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  forthe  Valua- 
tion for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally;  with  Prices  for  Inventories,  &c.  By  John  Wheeler, 
Valuer,  &c.  Sixth  Edition,  Re-written  and  greatly  extended  by  C.  N orris, 
Surveyor,  Valuer,  &c.    Royal  32mo,  5s.  cloth. 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 

prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  &c."— Standard. 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 

sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 

Inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  euid  other  eSects."—BuiUier. 

Auctioneering. 

AUCTIONEERS :    THEIR   DUTIES   AND    LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer,  By  Robert 
Squibbs,  Auctioneer.  Second  Edition,  Revised  and  partly  Re-written.  Demy 
8vo,  I2S.  6d.  cloth. 

"  The  standard  text-book  on  the  topics  of  which  it  txeaXs."—Atkena;Hm. 

"  The  work  is  one  of  general  excellent  character,  and  gives  much  information  in  a  compen- 
dious and  satisfactory  {orm."— Builder. 

"  May  be  recommended  as  giving  a  great  deal  of  information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  form." — Law  yoiirnal. 

"  Auctioneers  may  be  congratulated  on  having  so  pleasing  a  writer  to  minister  to  their  special 
needs."—Soliciiors'  yoiirnal. 

Inwoocl's  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  A dvowsons,  etc.,  Sind  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies, 
for  Terms  of  Years  certain,  and  for  Lives :  also  for  Valuing  Reversionary 
Estates,  Deferred  Annuities,  Next  Presentations,  &c. ;  together  with  Smart's 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to  Lower 
and  Intermediate  Rates.  By  W.  Inwood.  23rd  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c.,  by  M.  Fedor 
Thoman,  of  the  Societe  Credit  Mobilier  ot  Paris.  Crown  8vo,  8s.  cloth. 
"Those  interested  hi  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 

cases,  as  well  as  in  transactions  iri  annuities,  life  insurances,  &c.,  will  find  the  present  edition  of 

eminent  service."— En^^ineertn^'. 

Agricultural  Valuer's  Assistant. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT,  A  Prac 
tical  Handbook  on  the  Valuation  of  Landed  Estates  ;  including  Rules  and 
Data  for  Measuring  and  Estimating  the  Contents,  Weights,  and  Values  of 
Agricultural  Produce  and  Timber,  and  the  Values  of  Feeding  Stuffs, 
Manures,  and  Labour ;  with  Forms  of  Tenant-Right- Valuations,  Lists  of 
Local  Agricultural  Customs,  Scales  of  Compensation  under  the  Agricultural 
Holdings  Act,  &c.  &c.  By  Tom  Bright,  Agricultural  Surveyor.  Second 
Edition,  much  Enlarged.    Crown  8vo,  5s.  cloth.  IJust  published. 

"Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour, 

contents,  and  weights  of  timber,  and  farm  produce  of  all  kinds." — jl£Ttculturai  Gazette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 

value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  Vxads."— Farmer. 

Plantations  and  Underwoods, 

POLE  PLANTATIONS  AND  UNDERWOODS:  A  Practical 
Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving,  and 
Grubbing  Plantations  and  Underwoods,  their  Valuation  for  Purposes  of 
Transfer,  Rental,  Sale,  or  Assessment.  By  Tom  Bright,  Author  of 
"  The  AgriculturalValuer's  Assistant,''  &c.  Crown  8vo,  3s.  6d.  cloth. 
"  To  valuers,  foresters  and  agents  it  will  be  a  welcome  aid."— North  British  A^rriatUurist. 
"Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— A'lrw/  Herald, 
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Hudson's  Land  Valuer's  Pocket-Book, 

THE  LAND  VALUER'S  BEST  ASSISTANT:  Being  Tables 
on  a  very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 
Measure,  &c.  By  R.  Hudson,  C.E.  New  Edition,  Royal  szmo,  leather, 
elastic  band,  45. 

Ewart's  Land  Improver's  Pocket-Book, 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULA, 

TABLES,  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property,  By  John  Ewart,  Land  Surveyor 
and  Agricultural  Engineer.    Second  Edition,  Revised.    Royal  32mo,  oblong, 
leather,  gilt  edges,  with  elastic  band,  4s. 
"A  compendious  and  handy  little  volume.'' — Spectator. 

Complete  Agricultural  Surveyor's  Focket-Book, 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK.  Consisting  of  the  above  Two  Works  bound  to- 
gether.   Leather,  gilt  edges,  with  strap,  ys.  6d. 

Mouse  Property, 

HANDBOOK  OF  HOUSE  PROPERTY.  A  Popular  and  Practi- 
cal Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of 
Houses  and  Land,  including  the  Law  of  Dilapidations  and  Fixtures ;  with 
Examples  of  all  kinds  of  Valuations,  Useful  Information  on  Building,  and 
Suggestive  Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and 
Surveyor.    Fifth  Edition,  Enlarged.    i2mo,  5s.  cloth. 

•'  The  advice  is  thoroughly  practical."— Zaw  journal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  ^lA^."— Decoration. 

"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  fine 
art.    ...    A  well-written  and  thoughtful  work."— Z,«Wflf  Agent's  Record. 


LAW  AND  MISCELLANEOUS. 


Private  Bill  Legislation  and  Provisional  Orders, 

HANDBOOK  FOR  THE  USE  OF  SOLICITORS  AND  EN- 
GINEERS Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Works  for  the 
Supply  of  Gas  and  Water,  and  other  undertakings  of  a  like  character.  By 
L.  Livingston  Macassey,  of  the  Middle  Temple,  Barrister-at-Law, 
M.Inst.C.E.;  Author  of  "  Hints  on  Water  Supply.''  DemySvo,  950  pp.,  25s.  cl. 
"  The  author's  double  experience  as  an  engineer  and  barrister  has  enabled  him  to  approach 
the  subject  alike  from  an  engineering  and  legal  point  ot  view."— Local  Government  C/tronicie. 

Law  of  Patents, 

PATENTS  FOR  INVENTIONS,  AND  HOW  TO  PROCURE 
THEM.  Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By 
G.  G.  M.  Hardingham,  Assoc. Mem. Inst.C.E.,  &c.     Demy  8vo,  2s.  6d.  cloth. 

Metropolitan  Bating  Appeals, 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT 
OF  GENERAL  ASSESSMENT  SESSIONS,  from  the  Year  1871  to  1885. 
By  Edward  Ryde  and  Arthur  Lyon  Ryde.  Fourth  Edition,  with  Introduc- 
tion and  Appendix  by  Walter  C.  Ryde,  of  the  Inner  Temple,  Barrister-at- 
Law.    8vo,  i6s.  cloth. 

Pocket-Book  for  Sanitary  Officials. 

THE  HEALTH  OFFICER'S  POCKET-BOOK :  A  Guide  to 
Sanitary  Practice  and  Law.  For  Medical  OfiBcers  of  Health,  Sanitary  In- 
spectors, Members  of  Sanitary  Authorities,  &c.  By  Edward  F,  Wjlloughby, 
M.D.  (Lond.),  &c.,  Author  of  "  Hygiene  and  Public  Health."  Fcap.  8vo, 
7s.  6d.  cloth,  red  edges,  rounded  corners.  IJust  published. 

"  A  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  various  subjects  of 
which  it  treats.  The  matter  seems  to  have  been  carefully  compiled  and  arranged  for  facility  of 
reference,  and  it  is  well  illustrated  by  diagrams  and  woodcuts.  The  different  subjects  are 
succinctly  but  fully  and  scientifically  dealt  with. '— ZAe  Lancet. 


48  CROSBY  LOCK  WOOD  S-  SON'S  CATALOGUE. 

A  Complete  Epitome  of  the  Laivs  of  this  Country, 

EVERY  MAN'S  OWN  LAWYER:  A  Handy -Book  of  the 
Pnnciples  of  Law  and  Equity.  By  A  Barrister.  Thirtieth 'Edition,  care- 
fully  Revised,  and  including  the  Legislation  of  1892.  Comprising  (amongst 
other  Acts)  the  Se«i«g'  and  Loans  (Infants)  Act,  1892;  the -Small  Holdings 
A  ct,  1892  ;  the  Clergy  Discipline  Act,  1892  ;  the  Conveyancing  and  Law  of  Pro- 
petty  Act,  1892,  &c. ;  as  well  as  the  Forged  Transfers  Act,  1891  ;  the  Custody 
of  Children  Act,  1891;  the  Slander  of  Women  Act,  1891 ;  the  Bankruptcy 
Act,  1890;  the  Directors'  Liability  Act,  1890;  the  Partnership  Act,  1890;  the 
Intestates'  Estates  Act,  xSgo,  and  many  other  new  Acts.  Crown  8vo,  700  pp., 
price  6s.  8d.  (saved  at  every  consultation ! ),  strongly  bound  in  cloth. 

[Just  published 
*^*  The  Book  will  be  found  to  comprise  (amongst  other  matter)— 
The  Rights  and  Wrongs  of  Individuals— Landlord  and  Tenant— Vendors 
AND  Purchasers— Partners  and  Agents— Companies  and  Associations— masters, 
SERVA^rrs,  and  Workmen— Leases  and  Mortgages— Church  and  Clergy,  ritual 
—Libel  and  slander— contracts  and  agreements -bonds  and  bills  of  Sale- 
Cheques,  Bills,  and  Notes  -  Railway  and  Shipping  Law— Bankruptcy  and  In- 
surance—borrowers. Lenders,  and  Sureties— Criminal  Law -parliamentary 
elections- County  Councils— Municipal  corporations— Parish  Law,  Church- 
wardens, ETC.— insanitary  DWELLINGS  AND  AREAS— PUBLIC  HEALTH  AND  NUISANCES 
—FRIENDLY  AND  BUILDING  SOCIETIES  — COPYRIGHT  AND  PATENTS  —  TRADE  MARKS 
AND  DESIGNS  —  HUSBAND  AND  WIFE,  DIVORCE,  ETC.—  TRUSTEES  AND  EXECUTORS  — 
GUARDIAN  AND  WARD,  INFANTS,  ETC.— GAME  LAWS  AND  SPORTING  -  HORSES,  HORSE- 
DEALING,  AND  DOGS— INNKEEPERS,  LICENSING.  ETC.— FORMS  OF  WILLS,  AGREEMENTS, 
ETC.  ETC 

isr  The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  them- 
selves to  the  law;  and  thereby  to  dispense,  as  far  as  possible,  with  professional 
assistance  and  advice.  There  are  many  wrongs  and  grievances  which  persons  sub- 
mit to  from  time  to  time  through  not  knowing  how  or  where  to  apply  for  redress  ;  and 
many  persons  have  as  great  a  dread  of  a  lawyer's  office  as  of  a  lion's  den.  With  this 
book  at  hand  it  is  believed  that  many  a  Six-and-Eightpence  may  be  saved;  many 
a  wrong  redressed ;  many  a  right  reclaimed;  many  a  law  suit  avoided ;  and  many 
an  evil  abated.  The  work  has  established  itself  as  the  standard  legal  adviser  of  all 
classes,  and  has  also  made  a  reputation  for  itself  as  a  useful  book  of  reference  for 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a 
work  embodying  recent  decisions  and  enactments. 

•«*  Opinions  of  the  Press. 

"  It  Is  a  complete  code  of  English  Law,  written  in  plain  languag^e,  which  all  can  understand. 
Should  be  in  the  bands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bills.'  — 

"  A  useftil  and  concise  epitome  of  the  law,  compiled  with  considerable  care."— /^w  Ma^rasiine 

"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  law." — Globe, 

"This  excellent  handbook.  .  .  .  Admirably  done,  admirably  arranged,  and  admirably 
cheap."— ^"'^  Mercury. 

"  A  concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand.'  —Fizaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  Is  a  very  useful  one."— Spectator. 

"  A  work  which  has  long  been  wanted,  which  is  thorouglily  well  done,  and  which  we  most 
cordially  recommend."— 5M«n'a>  Times. 

"The  latest  edition  of  this  popular  book  ought  to  be  m  every  busmess  establishment,  and  on 
every  library  tab\e."—Sheffle/d  Post. 

"  A  complete  epitome  of  the  law  ;  thoroughly  intelligible  to  non-professional  readers." 

Belts  Life. 

Ijegal  Guide  for  Pawnbrokers, 

THE  PAWNBROKERS',  FACTORS'  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities.  Civil  and  Criminal, 
as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercantile  and  other  Se- 
curities. By  H.  C.  Folkard,  Esq.,  Barrister-at-Law,  Author  of  "  The  Law 
of  Slander  and  Libel,"  &c.  With  Additions  and  Corrections.  Fcap.  8vo, 
3$.  6d.  cloth. 
"  This  work  contains  simply  everything  that  requhres  to  be  known  concerning  the  department 

of  the  law  erf  which  it  treats.  We  can  safely  commend  the  book  as  unique  and  very  nearly  perfect.' 

—froH. 

The  Law  of  Contracts. 

LABOUR  CONTRACTS  :  A  Popular  Handbook  on  the  Law 
of  Contracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  Edition, 
with  Appendix  of  Statutes  by  T.  F.  Uttley,  Solicitor,  Fcap.  8vo,  3.;.  6*,^ 
cloth. [Justjpublished. 
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::jf2  rVIECHANICAL   ENGINEERING,  &c. 

^^  DETAILS  OF  MACHINERY.  Comprismg  Instruc- 
'^l^  tions  for  the  Execution  of  various  "Works  in  Iron.  By  Francis 
T^  Campin,  C.E.  38. ;  cloth  boards,  Ss.  6d. 
^^  MECHANICAL  ENGINEERING.  Comprising  Metal- 
">^  lurgy,  Casting,  Forging,  Tools,  Workshop  Machinery,  the  Steam 
'^P  Engine,  &o.  By  Francis  Campin,  C.E.  2s.  6d. ;  cloth  bds.,  3s. 
X^  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT: 
SCT"  ^y  ^-  HoARE,  C.E.  2s.  6d. ;  cloth  boards,  3s, 
.^3^1'  THE  BOILERMAKER'S  ASSISTANT,  in  Drawing, 
'5^      Templatintj,    and    Calculating  JBoiler   and  Tank  Work.      By 


^p/j      John  Courtney.     Revised  by  D.  K.  Clark,  C.E.     2s. 

p^  THE      BOILERMAKER'S      READY-RECKONER. 

s^^C      With  Examples  of  Practical  Geometry  and  Templating.     By 

■)^      John  Courtney.    Edited  by  D.  K.  Clark,  M.Inst.C.E.    Second 

^k  J      Edition,  revised.     4s. 

ic^  ***  -^^^  ^^^  preceding  works,  in  one  vol.  half-bound,  entitled 

K^"^'  "  The  Boilermaker's  Ready  Reckoner  and  Assistant."     7s. 

■^  STEAM   BOILERS:  their  Construction  and  Manage- 

^^u      ment.     By  R.  Armstrong,  C.E.     Illustrated.     Is.  6d. 

«55  THE  STEAM-ENGINE.     By   Dr.  Lardnek.    Is.  6d. 

'M  THE  STEAM-ENGINE,  the  Mathematical  Theory  of, 

Jc^      with  Rules  at  length,  and  Examples  for  the  use  of  Practical 

rrf  »  Men.     By  T.  Baker,  C.E.    Illustrated,     is.  6d. 

W  STEAM   AND    THE    STEAM-ENGINE,  being    an 

'^l^      Extension  of  Mr.  John  Sewell's  "Treatise  on  Steam."    By  D. 

J^      KiNNEAR  Clark,  M.I.C.E.  Third  Edition.    3s.  6d. ;  cloth  bds.,  4s. 

^-^  LOCOMOTIVE  ENGINES.     By  G.D.  Dempsey,  C.E. ;   i^^S^^ 

^^'      withlargeadditionsbyD.K.  Clark, M.I.C.E.  3s.;  cl.bds.,38.6d.    5l^^ 

$^  LOCOMOTIVE    ENGINE-DRIVING.     A     Practical  cp|^ 

yp^      Manual  for  Engineers  in  charge  of  Locomotive  Engines.     By   <^^^ 

^•^      Michael  Reynolds,  M.S.E.     Eighth  Edition.     3s.  6d.  limp  ;    JjQ^^^ 

^^^      4s.  6d.  cloth  boards.  S';£^^3^ 

^  STATIONARY    ENGINE-DRIVING.      A    Practical 

''^O      Manual  for  Engineers  in  charge  of  Stationary  Engines.     By 

J^"      Michael  Reynolds,  M.S.E.     Fourth  Edition.     38.  6d.»limp; 

K^'^!      4s.  6d.  cloth  boards. 

^•^  FUEL,  its  Combustion  and  Economy.  By  C.W.Williams,  cV 

-'X^      A.I.O.E.     With  extensive  additions  by  D.  Kinnear  Clark,    3^^ 

fy^      M.I.C.E.    Fourth  Edition,  Revised.    38.  6d. ;  cloth  boards,  4s. 

'M  CLOCKS  AND  WATCHES,  AND  BELLS.    By  Sir 

^  Edmund  Beckett,  Bart.  Revised  Edition.  4s.  6d.;  cl.  bds.,  Ss.Gd. 

^fy  MECHANICS;  being  a  concise  Exposition  of  the  General 

5^  Principles  of  Mechanical  Science,  and  their  AppHcations.    By 

^S  C.  ToMLiNSON.    Illustrated.     Is.  6d. 

^  CROSBY  LOCKWOOD  &  SON,  7,  STATIONERS'  HALL  COUET,  E.C.    <^^^^ 
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GonBtraction  and  Erection.    By  Hamilton  "W.  Pxndkbix.  lat« 
Inspector  of  Ironwork  to  the  Salford  Corporation.     28. 
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